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Display Hood moulded from 
‘Diakon’ acrylic polymer 

by United Moulders Ltd., 
Vann Lane, Fernhurst, 

nr. Haslemere, Surrey. 

It is fitted to an 
Oscilloscope made by the 
Solartron Laboratory Instruments 
Ltd. Chessington, Surrey. 


THIS DISPLAY HOOD 
IS MOULDED FROM 
‘DIAKON’ POLYMER 


Solartron Laboratory Instruments Ltd. chose a advantages :— 

display hood moulded in ‘Diakon’ acrylic poly- * Clarity and depth of colour available in 

mer to aid accurate reading of this Oscilloscope. no other moulding material. 

More and more ‘Diakon’ moulded components * High impact strength. 

are being used in the electrical and electronics * Excellent weathering and ageing 

industry. You will see ‘Diakon’ used in telephone characteristics. 

handsets, car rear lights, television implosion * Resistance to staining by nicotine, polishes 
guards, indoor and outdoor lighting fittings and and chemical products. 

a host of other products. This unique material x Good electrical insulation properties and low 
now combines low price with the following water absorption. 


For more information about ‘Diakon’ acrylic polymer in your industry, please write to I.C.I. 


‘DIAKON’ POLYMER 


‘Diakon’ is the registered trade mark for the 
acrylic polymer manufactured by I.C.1. 


DN9 
IMPERIAL CHEMICAL INDUSTRIES LIMITED-LONDON-.:-S.wW.1 
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Multi-way Connectors — suitable for many rack- 
mounting applications. Low withdrawal force 
and contact resistance, high voltage and 
current carrying capacity. 

In-line Connectors — Especially suitable for 
plug-in unit construction or small rack- 
mounting equipment. Guide pins fitted to 
polarize plug and to guide insertion. 

Printed Circuit Connectors — 12, 18 or 24 way. 
Silver plated Phosphor Bronze Contacts as 
standard. Mouldings in high grade Bakelite. 
Alternative finishes available. 


NEWMARKET - ENGLAND 


is 
Tel: Newmarket 3451 (10 lines) Grams: Magnetic Newmarket P. 4538 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 
overhead door wheel with great savings 


K 


ELIMINATES 

1 SALTER 
drilling 3 rivet holes 18 

RETAINER 
riveting washer "5 

cuts unit 
punching washer ‘(02 


THE OLD WAY Overhead door wheel ; 
bushing held in wheel by three rivets. Diffi- cost 


cult to position rivet holes and many rejects. washer, spacer rivets 95 
Rivets would work loose in use. 


by 44% 
CUTS COST OF. 

and 
inserting bushing ‘01 

eliminates 
inspection 14 


3 operations 
wheel, bushing, rivet 3°45 


and 
TOTAL SAVING WITH 


: 5 
THE SALTER WAY A Salter Self-locking SALTER RETAINERS 5°25d parts 


Retainer which requires no groove, replaces 
three rivets, a spacer and three press opera- 
tions. Cuts cost and manufacturing time 


and gives a better and cheaper product. 
NT Sm a A RES LF EN ne RR Re Se ee 


Circlips Fasteners Retainers 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 


M-W. 483 
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silicon 


junction 


Hughes HS10 series are low cost alloyed junction silicon diodés characterized by 
good forward conductance and low reverse current at high temperatures. 
Made in Glenrothes, Scotland, the Hughes range of silicon and germanium diodes are subminiature devices with 
extremely stable electrical and mechanical characteristics. These diodes are specially designed and constructed 
to meet the most exacting requirements of military or commercial applications. They are double wire ended and 
fusion-sealed in a subminiature one-piece glass envelope to ensure complete isolation of the active elements from 
damage or contamination. The small size, combined with rigidity of construction and small mass of the elements, 
enable them to withstand successfully physical shock and vibration. 


LOW 
REVERSE 
LEAKAGE - 


DOUBLE 
ENDED CAPACITANCE 


E a IMMEDIATE 
MENGE RELIABILITY 


AVAILABILITY | LJ SERIES 


Continuous Characteristics 


Ratings 25°C 25°C iby 
Type 5 Reverse 
No noon ite Fowad Revenue 
: ah bathe Eotyntd Current Current at 100°C 
ks ore at 1V at P.I.V. 
HS1020 200 200 mA 200 mA 020 pA 2 yA 
HS1001 150 170mA 100mA  -050,A 5 pA 
HS1002 150 170 mA 100 mA ‘100 pA _ 
HS1003 150 170 mA 100 mA ‘200 pA _ 
HS1004 50 170mA 100mA  -050,A 5 pA 
HS1005 50 170 mA 100 mA ‘100 pA ~ 
HS1006 50 170 mA 100 mA 200 pA _ 
HS1007 150 140 mA 50mA 050 nA 5 pA Qualified engineers in our Research and 
HS1008 150 140 mA 50 mA 100 pA - Development laboratories at Glenrothes are 
HS1009 150 140 mA 50 mA 200 pA oi available to help with your application 
HS1010 50 140 mA 50 mA 050 pA 5 pA problerns 
HS1011 50 140 mA 50 mA 100 pA — : 
HS1012 50 140 mA 50 mA 200 pA — ns 
Actual Size a | emma Home and overseas enquiries to: 


l HUGHES INTERNATIONAL (U.K.) LTD . 
eee ee 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX + HOUNSLOW 5222 
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rectifiers 


Steve 
Publication 119. Send today for full details. 


ABM smeuiiniature Selenium Bridge Rectifiers provide 
new low voltage valves. 


SEI: 
electronic devices using the 


IS LIMITED The 
Menem Tcmolmsigidcames)tandard specifications and the International Electrotechnical Commission 
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The S.E.l. Tubular Selenium rectificlg mm myor-tsae Colmar tsi ar-WZ-Mm of-{-1n ol-01-) (0) pleLe im CoMmual-t-1an U-mol-lur-lle mela meliacciit electronic applications where the reliability 


RECTIFIERS 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 

PEEL WORKS, SILK STREET, SALFORD 3, LANCS. Tel: Blackfriars 6688 ~(8 lines) 

London Sales Office: MAGNET HOUSE, KINGSWAY, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
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ON YOUR OWN PREMISES 
NAMES AND NUMBERS, ON 
EQUIPMENT PANELS OR SPARE 
PARTS. 


WITH THE 


jrayo 


TRADE MARK 


ENGRAVING MACHINE 


We have pleasure in introducing the new large capacity Model TX 
machine which is capable of engraving on much larger surfaces 
than the established smaller models. 


@ Operated by controlled lever. 

@ Ratio |-2 to I-7. 

e@ Depth regulator ensures regular engraving on 
different thicknesses and curved surfaces. 

@ Self-centring vice. 

e Adjustable copy holders. 


We shall be pleased to give a demonstration 


nrcriisee on your own 


Plastic labels, cut to sizes required, ask for price list. 


Write to:- 
VITOS LTD., 13 Charlotte Street, London, W.1. LANgham 6171/2 
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~ in-Cert 
the Connectors with 
the plus factor 


< . Co a 
- et a othe Pie > Fully floating contacts for exact alignment 
— No post-intuletion required 
momme zi cates Dwve JS) ve Comtacis <2sily extractable and inter- 
= changeable 
and = et them ict = 2 
Low ot drop 
Thus tae AMP od te EB £ High currest and temperature ratings 
a sa ; Connectors of 14, 29,21, 26, 34, 41, 58, Ta and 
P 2 coca ‘ 4 ways 
2 commettion is eiended toa new Sielc Range of accessorics includes shields, 
a Pte SCN ees c2bdies, clampt, guide pins and sockets 
o's = ~~ SSAC oe SiS & a= o . Complete oc mp tooling auer ent for all 
alton acts. Z Ange 2 2 production leveis : 
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A GOOD SCOP 


; 


MODEL 381. Vertical amplifier bandwidth DC—9 me/s (-3dB) with 
rise time of :04 ,Sec., and overshoot of less than 1%. Calibrated nine 


ELECTRONIC stage frequency compensated input attenuator. In addition all the facilities 
of a high class 3” general purpose oscilloscope. Unique mechanical 
EQUIPMENT construction with all panels removable for ease of maintenance. 
GC ti ooled. 
MANUFACTURERS vtec 


SEND FOR FULL TECHNICAL DETAILS 


At its price the best value obtainable in this country—perhaps in the world. 


£36 carriage paid 


a 
iTtronic 
CH 3-7, WINDMILL LANE, LONDON, E.I5 


LIMITED 


Telephone: MARyland 6247 
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OAK warer 


SWITCHES 


“OAK"“* has long been recognised as synonymous 
with quality in switches. This comprehensive 
range includes rotary wafer, slider and 
push-button types. Illustrated is the 

miniature rotary Model “A”, 2-amp rating, 


1 to 6 poles, up to 18 contacts per wafer. 


Ask for OAK List 
*REGISTERED TRADE MARK Sole Licensees Le seas ncn Company, 


TEDEX ROTARY SOLENOIDS 


These offer several important advantages including a 

substantially linear and level work-to-rotation curve, high 

torque output for size, frictionless snap action. Standard 

rotary strokes, 25° to 95°, clockwise or anti-clockwise. 

Enquiries are invited for Solenoids having special torque- 

to-rotary stroke characteristics. Combinations of Solenoid 

and Oak rotary wafer switch sections permit a freedom in 

design of relays with innumerable applications. Sole Licensees of KEDE™ Inc, 


Ask for “LEDEX List Dayton, U.S.A. 
*REGISTERED TRADE MARK 


Cutler-Hammer 
SWITCHES 


Dependable switches for appliances and 
instrumentation. 1-20 amp ratings. Lever, 
push-button, slider and trigger operating 
mechanisms. Available in standard 
commercial range and range of RCSC type 
approved switches to DEF 5151. 


Ask for CUTLER-HAMMER List t Licensees of CUTLER-HAMMER 
Int., Milwaukee, U.S.A, 


ne VV SORRaKGaoe: es 1) [) (eh tal Tey 1 NY tT VWEOIR IN SS 
S [= LIMITED Sales Office: 31-32 ALFRED PLACE 
. WPA) DENDILE' LONDON W.C.1 : Tel: LANgham 9561 


A MEMBEROF THE Sam croup OF COMPANIES 
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Walter Rotary Switches 
Trimmers and Padders 
Wimbledon Vibrators 


Previously supplied by Walter Instruments Ltd. 


are now obtainable only from 


LORLIN ELEGTRONIGS GO. LTD 


Who have purchased the piece-part stocks and all the plant, tools, assembly 
and test equipment used in the manufacture of these items and will soon 


be in production. 
$EPLEELLLSHIDISLSPLISHSHEPHEI SHH EDO HS HP dododed 


YOUR ENQUIRIES ARE INVITED NOW 


LORLIN ELECTRONICS CO. LTD. 


Malta Works - Station Road - Billingshurst - Sussex. 
Telephone Billingshurst 140 
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This volume control was once 
machined from solid bar 


Now make it by 


Sanders’ specialisation in the Impact Extrusion process has led to its wider use in Industry. 
Impact Extrusion can often be used to great advantage as an alternative to machining from 
solid. With the addition of subsequent finishing operations, components can be manufactured 
to a great degree of accuracy at a most economical price for medium and large quantities. 
Impact Extrusion by Sanders is very suitable for components requiring a high length/diameter 
ratio; a thick bottom on a thin walled body; a base incorporating a boss, stud, screw thread 
or cavity; irregular profiles, longitudinal ribs or other variations in cross section. 

Already Sanders are making notable contributions to the radio and electronics industries with 
a diversity of components made by the Impact Extrusion process. What Sanders have done 
for these industries they can do for you, too. Sanders will be pleased to provide technical 
advice and assistance in developing the manufacture of your components by this process. 
Please send your enquiry or ask for a representative to call. 


H. G. SANDERS & SON LTD., 
Gordon Road, Southall, Middlesex. Telephone: Southall 5611 


Sales Branches: ALDRIDGE, GLASGOW, SHEFFIELD, 
MANCHESTER, SUNDERLAND, LYMINGTON 
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Choose from the world’s finest range 
of high stability resistors 


Outstanding precision and reliability are the recognized 
characteristics of RESISTA carbon layer and wire wound resistors 
which cover every requirement of the electronics industry. They can 
be used with complete confidence by manufacturers of high quality 
electrical equipment and yet they are very competitively priced. 

A wide variety of special types including sub miniatures is available. 
Resista offer the highest precision and quality — at the lowest prices 
obtainable. 


CARBON LAYER—WIRE WOUND 


RESISTA range includes the world’s small- Delivery Ex Stock of high-stab carbons 
est high stability resistor. Precision wire + watt, + watt at 5% tolerance. Also 4 watt 
wound resistors for computors. at 2% tolerance. All at today’s lowest prices. 


Write for catalogue and quotations : G. A. STANLEY PALMER LIMITED 


Maxwell House, Arundel Street, London, W.C.2. $ Telephone: Temple Bar 3721 


ELESTA COLD CATHODE TUBES WITH PURE 


MOLYBDENUM CATHODES OFFER YOU HIGH PRECISION 
AND A VIRTUALLY UNLIMITED OPERATING LIFE 


The miniature decade counter-selector EZ10B has a counting rate of up 
to | million p.p.s. and its discharge can stand on any one cathode 
without deterioration of performance. 


The novel a.c. relay tube ER21A can be triggered by a starter current 
of only one microampere, and the high sensitivity d.c. sub-miniatures 
ER 32 and ER 33,by one as low as 0-001 microampere. 


EZI10B ER21A ER32 ER33 
Anode breakdown voltage 380 V 260 ~ 400= 300= V 
Anode sustaining voltage 300 V 11] 115 LO jee 
Anode supply voltage 580 V 220 ~ 280= 220=V 
Anode current 1-SmA 6-40 7-15 5--15 mA 


The high precision sub-miniature stabilizers and reference tubes are 
only 1-3 in. long by 0-32 in. diameter. 


ES11 ES12 ES13 
Max. anode breakdown voltage 135 250 370 V 
Stabilized voltage 97 190 298 V 
Anode current range 0-5-8 0-5-7 1-5-6 mA 
Internal resistance 700 1200 700 ohms 


Write or phone NOW for practical and proven circuits and technical 
information about ELESTA cold cathode tubes for the following 
applications: 


Photoelectric relays; automatic light controls; electronic pilot relays; 
level controls; electronic timers; electronic counters; oil-fired burner 
controls; etc.... 


BRITEC “Ghia 


17, CHARING CROSS ROAD, LONDON, W.C.2. Telephone: WHItehall 3070 
REC 15 for further information =i 
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for full details write or telephone 


K.G.M. 


electronics limited 


BARDOLPH ROAD, RICHMOND, SURREY TELEPHONE RICHMOND 7171 
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BACKLASH ELIMINATED 
PRECISE RESETABILITY 
LAW ACCURACY + 1:0% (ABSOLUTE) 
or 0:25°% IF REQUIRED 
This 2” diameter Helical of high quality yet inexpensive has been designed 
for manual operation and is available in two versions. 
|. For standard wiring 


2. For PRINTED CIRCUIT application using 
the accepted 0-1” grid 


TYPE HEL 07 — 10 


SPECIFICATION 
Resistance Range 100-30,000 ohms 
Resistance Tolerance +5% 


Law Accuracy (ABSOLUTE) +1-0% or better 
to within 0:25% if 
required. 

Independent Law Accuracy to closer limits. 

Rotation—effective angle 3600°+ 10°—0° 

Dials available if required. 

Send for Data Sheets I! and 12 which give full 

technical details and dimensions. 

For SERVO application an entirely new Low- 

Inertia multi-turn Synchro size unit is available. 


See below * 


MOUNTING FACE Yedia. Yydiax32TPR. 
DIMENSION 
DRAWINGS 
OF PRINTED 
CIRCUIT & 
STANDARD 
VERSIONS 
HEL 07-PC10 
& HEL 07-10 


2% LeneTW 
32 


3 TERMINALS 26 S.W.G. 


FOR RESEARCH AND DEVELOPMENT ENGINEERS 


concerned with servo systems, function generation and environmental simulation, Reliance by 
means of an entirely new technique (covered by world-wide patents) have developed and offer a 
multi-turn Potentiometer embodying in a single unit the following outstanding advantages. 

Size || Synchro Mounting. 

Low Torque <6 gm. cm. 

Low inertia <0-01 gm. cm.? 

High Resolution. 

Multi-tapping Facilities. 

Multi Ganging. 


RELIANCE f RELIANCE MANUFACTURING 
COMPANY (SOUTHWARK) LIMITED 


Sutherland Road, Higham Hill, Walthamstow, London, E.17. Tel.: Larkswood 1118/9 
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Our vast new range includes: 
e Self-insulated, nylon-grip, colour-coded terminals 
e Non-insulated terminals — with or without insulation support & 
e Insulated or non-insulated butt connectors ~ 
e Crimping tools and attaching machines 


Make sure you obtain the new up-to-date catalogue which gives 
full details of all these new products. Available now from :— 


ROSS COURTNEY & 


Ashbrook Road, London N19 
Tel: ARChway 1166/7/8 


~ 


' 
| i Iq le (Latin: UNICUS :— pre-eminent, primordial, primary and unprecedented) 


MINIATURE MULTI-WAFER ROTARY SWITCHES 


full technical data on request 


Ministry Departmental type approval 


Available with sealed spindles 


and spring return i 
Pp g mechanism One of the EMI group of companies 


Phone ELGar 3923 8-12 Minerva Road + North Acton - NW10 
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Here are two new silvered mica 
capacitors for use in filters and other 
professional equipment. 


Synthetic resin encapsulated, they can 
be used either on printed circuits or in 
conventionally-wired assemblies. The 
encapsulation technique employed, in 
conjunction with Silver Star fired con- 
struction, ensures outstanding long- 
term and cyclic stability. 


Two sizes (C22E and C33E) together cover 
the capacitance range 5 to 33,000uuF with 
a minimum tolerance of +0.5% for values 
above 200uuF. 


© Precise rectangular section * 
® Parallel terminations for 0.1 inch or 
0.2 inch module printed circuits 
e Service temperature range SSC. to 
100°C 
e Conform to Class H1 of British Services’ 
Climatic Specification 


es Fired Construction 


e Exceptional long-term and cyclic 
stabilities 
e Pass Services’ requirements for solder- 


ability and ruggedness 


© Two peak working voltages: 200 and 350 
» Silver Star ™ quality 


* Both body sizes conform to American and NATO 
specifications 
Body size of C22E conforms to British Defence 
Specification 


One of the specialised products of 


Johnson dey Matthey 


JOHNSON, MATTHEY & CO. 
7383 HATTON GARDEN, LCN 
Telephone: Holborn 6989 


206 
Vittoria Street, Birrninghom elephone: Central 200 


eh 
or 
om 


75-79 Eyre Hrest, Sheffield Telephone: 29212 
E11 /670 
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Filter unit by Ericsson 
Telephones Limited 
incorporating both type 


+010 
\ 0-710 | 
emmy | 
200 volts peak working j ) 


750 to 3,300 u uF 
350 volts peak working 
5 10 2,000 wu uF 


TINNED PHOSPHOR +oio 
BRONZE WIRE 21 SWG 4" 


Capacitance Range 


+020 


1-025 
Capacitance Range - re 


200 volts peak working 
7.00 to 33,000 uw uF 
330 volts peak working 
300 to 20,000 « uF 


TINNED PHOSPHOR 
BRONZE WIRE 20 SWG 
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Precision Wire-Wound Resistors 


If you are a designer or engineer 

‘in computer circuitry, instru- 
mentation or any other field of 
electronics you will find this 
McMurdohm Resistor technical 
catalogue invaluable. Send for 
your copy. 


THE McMURDO 
INSTRUMENT 
CoO. LTD. 


/ ASHTEAD - SURREY - ENGLAND 
'  €1)HS5987 Telephone: ASHTEAD 3401 
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TYPE R—20 AMPS i re! | ZS 
with moulded-in inserts a) |,yMaz 
for conditions where g 
vibration is experienced 


TYPE M/TAG—20 AMPS | 
YPE AD4/H —60 AMPS for electronic chassis, etc. 

for heavy duty where soldered connection 

is made to one side of block 


ji, AND MANY MORE...MAY WE SEND YOU DETAILS? 
| MMOMiuOE# i TTT 


| 


Many of our comprehensive range are Admiralty, Joint Service and G.P.O. 
approved Grelco blocks have a high safety factor and are constantly 
specified where reliable performance under arduous conditions is required 


3 GRELC O LIMITE D - MINEHEAD - SOMERSET 
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NEW oie EIN S Gia 
Qin, INA CONNECGi@m 
INS THe PRESSAC RANGE 


=— 


Lead lengths to your 


< 
Z> 
> 

a“ 


JO 


requirements 


yy LA 


i Now in quantity produc- 
1/8 IN. X13/32 I). xX 3/16 IN. tion the new fully insu- 
lated, compact snap 
connector 20/564, suiting 
batteries B152, PP38, and 
PP6, is an interesting ad- 
dition to the comprehen- 
sive miniature range. At 
left are some of the 
established miniature 
connectors, and below a 
few from the standard 
range. 


POPOL, 


se in pairs on batteries B101, B117, B131, B139, PP1,PP7,PP8 and PRS 


a ona 


For use on batteries PP1, PP8 and PP9 


For use on PP7 batteries only. 
Brochure PSC/1 gives more information on these | l eC SS a C 


Write to: PRESSAC LTD .LONG EATON NOTTINGHAM Tel. Long Eaton 4462 - 


and other components. 
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POLYSLIP—a new approach to the ‘dry bearing’ problem 
Polyslip 1M Dry Bearings are designed for high duty 
without lubrication of any sort. They are intended for 
those applications where other lubricants are undesir- 
able or unsuitable. 


What are Polyslip 1M Dry Bearings ? 

Bearings made from sintered bronze, impregnated with 
P.T.F.E. (Polytetrafluoroethylene) and additives at the 
working surface. 


What are the applications ? 


in a wide range of standard sizes 


Why P.T.F.E. and Bronze? 

Because this combination gives an excellent bearing 
material, the P.T.F.E. and additives providing low friction 
and low wear rate while the bronze provides a strong, 
heat-conducting matrix. 

What forms are available? 

Cylindrical, plain or flanged - self-aligning — thrust 
washers, 

What sizes? 

From 0-1” to 3” bore. Standard sizes facilitate quicker 
delivery. : 


Where oil and grease lubricants are unacceptable - Where shafts 


are required to run in liquids such as water, petrol, solvents - Where dust is a problem - Where oil and 
grease can cause contamination : Where maintenance may be at a minimum - Where temperatures 
are abnormal - Where ‘static’ is a problem - Where ‘slip-stick’ motion must be avoided. 


Our Technical Department will be glad to 
discuss the suitability of Polyslip 1M Dry 
Bearings to your applications. 


POLYSLIP 


BEARINGS 


Write for a designer's brochure giving properties, 
performance data, and dimensions. 


BOUND BROOK BEARINGS LTD 


Trent Valley Trading Estate, Lichfield, Staffs. - 


ttt 
Member of the Va Birfleld Group 


Telephone: Lichfield 2027-8 Telegrams: Boundless, Lichfield 


FoR BERYLLIUM COPPER PRESSINGS 
TO THE CLOSEST TOLERANCES 


CONSULT 


BRANDAUER 


Brandauer also specialises in precision 
pressings manufactured from all 

ferrous and non-ferrous materials 
including the cupro-nickel alloys. 


RANDAUER 


OF BIRMINGHAM 


TOLERANCES NOW -. :00025”: 


By pioneering the use of beryllium copper and precious metals, Brandauer have achieved 
many manufacturing successes which can be of great value to you. 

Today we are among the largest most sought-after fabricators of beryllium copper 
pressings in Britain—thanks to a hundred years of heat treatment experience, specialised 
plant, and ten years of research. Being crafismen, experts and indeed the outstanding 
specialists in beryllium copper, we work with extreme precision in miniature and sub- 
miniature presswork; in certain circumstances, we regularly maintain an accuracy of plus 
Or minus -00025 in, 

All components are made to customers’ own requirements. It is significant that several 
million Brandauer units are in daily use in the radio, television and aircraft industries, in 


radar installations, record players, switch gear, electronic computers and a wide range 
of other equipment. 


EARLY DELIVERIES OF FOUR SLIDE WORK: 


This is also helpful. So are our large stocks of material. They enable us to quote early 
deliveries for most pressings and competitive prices for all. Therefore—for time and 


tolerance, quality and price, choose Brandauer, Further information and samples gladly 
sent on request, 


C. BRANDAUER & CO. LTD. 401 NEW JOHN STREET WEST, BIRMINGHAM 19 


Telephone: ASTON CROSS 3818 
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With this new range of miniature polystyrene capacitors for 
transistorized and other low voltage circuits, TMC provides 
circuit engineers with a major “breakthrough” of four 
barriers: size—performance—delivery time—price. These 
outstanding new miniatures will considerably enhance 
the already impressive reputation for consistent reliability 


Catalogue No. Capacitance in uF 


SM.125695 0.0005 — 0.001 
SM.125696 0.001 —) (eelalr 
SM.125697 0.007 — OLO25 
SM.125667 0.025 —! (ohh 
SM.125668 0.1 = He 
SM.125669 0.2 = CHE 


WKG. VOLTAGE 50V. DC. TEST VOLTAGE 75V. DC. 
INSULANCE 750,000 MQ or 250,000QF whichever is the smaller. 


POWER FACTOR >} 0,001 at1kc/s, TEMPERATURE 70°C. MAX, 
CLOSEST STANDARD TOLERANCE -++-1%. (Closer tolerances may 
be obtained by selection but a definite price advantage results from 


specifying the widest tolerance acceptable) 


Capacitor Division 


a> 
A MEMBER OF THE () (a GROUP OF COMPANIES 
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Dimensions in inches 


Length 
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which all TMC capacitors have earned in face of stern 
competition over many, many years. Very competitive in 
price (with appreciable quantity discounts). A range of 
preferred values available immediately from a large stock. 
Our sales staff are eager to be of service—so send now for 
detailed quotations. 


Dia. Max. 


aye at 
— _ @N S|= le ole 
in ak aA an 
Bry W/— B|— O]— =| 
3 nis BK SE Ae ale 


[*) 
nN 
NI 


Small enough? 

Actual size picture of one of the 
new TMC polystyrene capacitors: 
SM. 125695 capacitance 0.0005u.F 


TELEPHONE MANUFACTURING COMPANY LIMITED 


Sevenoaks Way: St. Mary Cray: Orpington: Kent- Telephone: Orpington 26611 
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Where 
Reliability 
Counts 


THE 
NATIONAL- ELLIOTT 


803 COMPUTER carries PAINTON 
| PRINTED CIRCUIT 
CONNECTORS throughout 


The reliability of this compact 

and successful computer depends upon the 
reliability of the components from 

which it is built. Amongst these are 
Painton 15-Way Heavy Duty Printed 
Circuit Connectors. 


The high degree of reliability designed 

into this Painton component makes it the 
first choice of most engineers and designers 
concerned with high performance applications, 


Features include: 


* Standard 0.2” contact spacing. 

* Gold plated contacts. 

* Low and reliable contact resistance. 

* Moulded ribs provide extra strength and 
eliminate moisture traps. 

* Stainless Steel polarising guide pins. 


Full details on request: ask for leaflet PS/7. 


Painton 15-Way Heavy 
Duty Printed Circuit 
Connectors on one of 
the arithmetic logic 
boards of the National- 
Elliott 803 Computer. 


w 
SRS 


PAINTON 


Painton 


& CO; CIMiiGE DS 
KINGSTHORPE »- NORTHAMPTON 


Tel: 34251 (10 lines) Grams: ‘Ceil’ Northampton Telex : 31576 


64a ee RADIO & ELECTRONIC COMPONENTS. ~ © > 4) SepreupeR toni 


RADIO & ELECTRONIC 
COMPONENTS 


Commentary 


Export Assistance Register 


BS THE July issue of Radio & Electronic Components we made a plea for more co-operation 

between companies in the electronics field in order to avoid wastage of effort and thus provide 
greater opportunities in the export markets. For this reason, we are delighted to note the 
publication of an “Export Assistance Register’ by the Institute of Directors. This has been sent 
to the directors of more than 500 companies who have asked for guidance in their export 
activities. 

The Register was compiled by the Institute’s “Export Action Now” Committee from answers 
to a questionnaire sent to the Institute’s 37,000 members asking if their companies needed help to 
begin selling overseas or, alternatively, were able and prepared to give it. 

Listed in the Register are some 600 companies—manufacturing more than 500 different main 
categories of goods—who have offered export assistance to non-competing concerns. The two 
words in italics are worth notice because it is our hope that they will, in time, not be applicable to 
the Register. We would repeat once more that export is not now just a question of individual 
firms competing in overseas markets but more a question of British industry as a whole compet- 
ing against the rest of the world. It seems obvious that firms in identical fields could be of more 
help to each other than if one produced goods entirely different to those of the other. This, 
however, is a difficult problem which only time can solve. 

At the moment, there are only 15 entries under the heading “‘Electronic Apparatus”’. There are 
no entries under the heading “Electronic Instruments” but there are eight entries under the head- 
ing “Scientific Instruments’’. There is not a heading for “Electronic Components” and, although 
there are references made to a few specific types of component, there is no mention made of, for 
instance, semiconductors. The Register does, of course, cover a tremendous range of products 
but it is to be hoped that the emphasis on electronics will increase in future issues. 

The companies listed have undertaken to give free export help and guidance of a purely general 
nature and specific propositions will be a matter for individual arrangement between the com- 
panies concerned. 

The Register is set out in such a way that directors of firms seeking help can choose a “guide” 
company, either by product or location, or can approach a company with specialist experience of 
a particular territory overseas. The names of the firms who have asked for help will be kept con- 
fidential and it will be for them to select from the Register the company they think can most 
appropriately help them. 

When the Institute has assessed results and additional offers of help it may well be decided to 
extend future editions outside its own membership to Industry as a whole. We would certainly 
support such a move but, in the meantime, copies of the first edition are available to interested 
Trade Associations on request to the Institute of Directors. 


SEPTEMBER 1961 RADIO & ELECTRONIC COMPONENTS 643 


REC 29 for further information 


+ ADVANCED DESIGN 


$ oF N S¢ HIGH PERFORMANCE 


SK LOW PRICE 


Without a doubt this outstanding new product represents 

WN a significant advance in British key switching practice. It 
completely outmodes ordinary lever type keys with separate 
lamps. Among its outstanding characteristics are:- 


@ TWIN SILVER CONTACTS 100V at 300mA max. @ LONG LIFE NYLON BODY WITH PRECISION LOCKING TRACK 
@® OFFERED WITH OR WITHOUT TELEPHONE TYPE LAMP @® INSTANT LAMP REPLACEMENT 

@ 2 OR 4 CHANGEOVER ACTIONS @ LOCKING, NON-LOCKING OR INTERLOCKING MODELS AVAILABLE FROM STOCK 
@ PUSH BUTTONS (round or rectangular) in black or white with a choice of five coloured lenses 

@ MULTI-WAY MOUNTING PLATES FOR PANEL OR CHASSIS FIXING SUITABLE FOR ANY CONTROL APPLICATION 
,..and so competitively priced. For instance the 4 changeover, non-lock model illustrated only costs about 15/-. 
(Quantity orders at a lower price) 


Order a sample key now for evaluation purposes and see for yourself that first- 
class quality need not be expensive—when you buy from TMC. 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Dept. H, Martell Rd - West Dulwich - London SE21- Tel: GIPsy Hill 2211 


NV 
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MULTIAPERTURE DEVICES 


A Survey of the Development of Multiaperture Ferrite Cores as Logic Units. 


By P. BROOMER 


Aircraft-Marine Products (Great Britain) Ltd. 


N THE last few years, a great deal of work has been 
proceeding in the U.S.A. on the development of 
multiaperture ferrite cores to work as logic units. The 
whole basis of the work comes about by the introduction 
of ferrite materials into the computer field. By the nature 
of these ferro- and ferri-magnetic materials, it is possible 
to manufacture multiaperture cores with desirable pro- 
perties. The object behind the whole development is to 
make a computer system of logic elements, purely out of 
magnetic circuits. This will lead to simplicity, low cost, 
and extreme reliability of the device manufactured, and 
the applications of such units, as far as logic is con- 
cerned, are limitless; the only inherent draw-back is the 
fact that all magnetic materials are “‘lazy’’, thus, the 


TYPE 


Anti -ferro 
Ferro 
Ferri 


NON- ORIENTED 
Fe Toroid 


rs 


EXAMPLE | 


Fe 


4 p 
I I 


material six easy directions for the magnetic path. Now, 
if we are able, either magnetically or mechanically, to 
ensure that the crystal orientation in a soft iron toroid is 
in its correct radial condition, a square shaped BH loop 
would result. This is achieved in modern practice by 
transformer cores being wound with magnetic tape, 
usually Permalloy, and it is apparent that such a core 
could not be manufactured to form a multiaperture 
device although the BH loop might be satisfactory. 
Physically, the core would be impossible to manufacture 
and the multiplicity of magnetic paths would not, there- 
fore, be available. 

We now have to look to material which will give us 
the square loop we require, and the ability to be manu- 


"EASY" AXES 


CRYSTAL 


NON- ORIENTED 
Ferrite Toroid 


ORIENTED 
Fe Toroid 


fe eee | 
|_____. BISTABLE 


Fig. 1. BH loops. 


speed at which a logic unit will operate is determined by 
the material used. 


Materials 

In the first diagram can be seen the atomistic natures 
of the more common ferro-, ferri-, and anti-ferro- 
magnetic materials. It is apparent that, in ferro magnet- 
ism, the cubic crystal structure has three easy axes, one 
of the most common forms being iron, which gives the 
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factured into correct shape. This brings to mind the 
ferri-magnetic imaterials, which are associated with 
spinal crystal structures, and, being octahedral, have 
twelve easy axes which give twenty-four magnetic paths. 
Thus, a toroid can be manufactured using the randomly 
orientated small crystal. An easy axis is bound to be 
within a solid angle of approximately 30° to any of the 
required directions and, consequently, any number of 
flux paths may be accommodated in the multiaperture 
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device, all of which will have a square BH loop. 


Description of the Device 


Fig. 2 (a) shows the shape of a typical MAD (multi- 
aperture device) core, the particular one shown having 
four minor apertures. For simplicity, the minor aper- 
tures are shown with an imaginary flux path indicated by 
an arrow. 

In all logic systems, it is essential to have discrimina- 


300 mH through a minor aperture, and the detection can 
be a small incandescent lamp of about 100 mW, giving 
us the continuous non-destructive read-out properties of 
the multiaperture cores. This simplification of the read- 
out gives a condition where, if the lamp fails in the 1 

condition, you get a “fail safe” condition. By similar 
thinking, putting in a negative and positive-going square 
loop pulse, it is possible to have a pulse out-put from a 
core which can be detected and used to trigger other 


Drive 


Output 


(c) 


Fig. 2. Digital setting and non-destructive read-out. 


tion between the “0” and the “‘1”’ condition, this being 
the basis of the whole system. An example of this is a 
transistor which can be in the ‘‘on’’, the conducting, or 
in the “‘off”’ state. 

The multiaperture device, shown in Fig. 2 (a) has all 
the flux in one direction (clockwise), this being the ‘‘0” 
condition. If a winding is looped into the left-hand minor 
aperture and a current passed through it, it will tend to 
switch the flux around the shortest closed magnetic path. 
This, however, is around the inside leg of the minor 
aperture which is already saturated in that direction, and 
it cannot, therefore, accept further fluxes in that direc- 
tion. Since flux in the minor aperture outer leg is 
saturated, it must look to the next easiest path. This it 
finds around the major aperture shown schematically on 
Fig. 2 (6). 

It is now easy to appreciate the condition of the ‘‘0” 
and the “1”’ within the core. The setting of the amount of 
flux around the minor aperture is dependant on the 
setting current, thus, analogue setting within the core is 
possible. If the current through the minor aperture is 
reversed, and, hence, the direction of the flux, the flux 
switch can be local. Consequently, this does not effect 
the rest of the flux within the core itself and the MAD 
element has a diode-like characteristic. Now, we have 
the condition in the core that we call the ‘0” and the “1”’. 

Referring to Fig. 2 (c), we can see that, if a suitable 
signal is fed through a minor aperture with a ‘‘1”’ set in it 
and a detector winding is also threaded through this 
aperture, the flux will, in fact, change direction about 
that minor aperture in sympathy with the drive current. 
Hence, the output will be detected as there will be flux 
change within the turns of the detector winding. If a 
core, however, be in the ‘‘0” condition, then all the flux 
is saturated in one direction and the drive pulse will only 
tend to saturate the core; there will therefore be no 
change of flux and no output pulse indicated. This can 
be shown by feeding 500 kc’s r.f. current of some 200 to 
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Set 


Advance 


Fig. 3. Diode-less transmission. 


circuitry. 

With reference to Fig. 3, it is shown we now have 
several cores linked together, and, by inter-connecting 
the appropriate elements with coupling loops and work- 
ing the system within its design conditions, it is possible 
to transmit the information stored on the first core 
through to the adjacent core. The cores are wired 
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together with coupling loops, the left-hand core being 
set in a condition where it has a ‘‘1”’ in it. No flux is set 
into the second core from that of the first during setting 
as the flux switches through the axes, therefore, no cur- 
rent flows in the coupling loop. Now, if a prime current 
“Pp”, either d.c. or pulsed, is passed through minor 
apertures of the cores, the ferrite material, being basically 


50mA max. 


(jis) 
Fig. 4. Advance pulse. 


lazy, will tend to follow the direction influenced by the 
prime current; the time and current required to do this is 
not enough to influence the setting of the second core. If 
an advance pulse “1” is applied to the first core, the flux 


PEAK DRIVE CURRENT (A) 


400 


350 


50 100. 150°“ 2008" _ 250 
PRIME CURRENT (mA) 


Fig. 5. Range map showing preferred operating point. 


300 


within this core will be changed into the ‘‘0” condition, 
and, in doing so, the flux about the right-hand minor 
aperture will change. Depending on the circuit condi- 


Advance 0 


tions, a current pulse will be transmitted along the loop 
and hence set the second core into a “1”? condition. The 
cycle is complete since the left-hand core is now in the 
“0” condition and the right-hand core has a ‘‘1”’ in it. 
This then, shows the method of dealing with transmis- 
sion along the core. 

A typical advance pulse is shown in Fig. 4. The shape 
of this pulse is governed by the specific circuit para- 
meters of the device controlling the shift of information. 
It is possible to vary conditions of drive and prime 
current and the coupling loop, but in order to have 


One register cycle— 


Read in 0 cores ——— 
Advance E 


Fig. 7. Operating time cycle. 


reliable working, it is essential that the design conditions 
be adhered to. The cores themselves are temperature 
conscious and this brings in a further variable. 

Fig. 5 shows the parameters under which a typical 
core will work. This is called the range map and it can be 
seen that the tolerances are indicated by the shading. 
Within this shaded area, the device will work correctly 
and, when choosing the environmental conditions, it is 
always essential to start so that it will work in the 
optimum condition. 

If reference is made to Fig. 6, it will be seen that the 
wiring of part of a register is shown diagramatically. It 
will also be noticed that two cores are joined together 
with a winding marked Advance ‘‘O” and two cores 
marked with a winding Advance “E”’, the prime winding 
being common to all four cores. The reason for this is 
that where coincident “1’s” are put into a register of this 
nature, it is essential that the information be passed into 
the register. Since the cores can only be in one condition 
at a time, when the transmission is taking place between 
core “A” and core “‘B’’, no in-put into the minor aper- 
ture would have any effect, thus, it is essential to have 
two cores per bit. Information may be taken from the 
cores at any time by using the unwired minor apertures. 

In Fig. 7 can be seen a typical time-cycle of such an 
arrangement. The basic theory has been kept as simple 


Fig. 6. Schematic shift-register circuit. 


pune Read out 


Advance 0 
Advance E A B 
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as possible in order that, on first investigation, the 
fundamentals are appreciated. A great many things 
influence the workings of such a device and many years 
of research go into producing a theoretically simple 
device into a reliable off-the-shelf working component. 
Once a device, such as shown, is manufactured with just 


the use of complex windings, it is possible to achieve 
many logic functions using core and wires only, and to 
name some of these gives some idea of the flexibility of 
such a unit. Already mentioned is the shift register and a 
whole series of control devices can be arranged around 
this unit: command fanning, complementing “AND” 


Se SS 


Fig. 8. 50-bit shift-register for AMP Mobilab. 


wire and cores, there is very little that can go wrong with 
it; the components are unaffected by radiation and pos- 
sibly the greatest weakness in mechanical construction is 
the fineness of the winding wires. These can be electric- 
ally protected in use quite easily, thus, we have a non- 
destructable shift register made out of components 
which are free of extraneous electrical components. By 


~~ 


and “OR” gates, sequential selection, decimal counter, 
word generation,, digital comparator and analogue 
storage planes. 

Where logic is used then there is an opening for the 
MAD device, and the advantages of continuous read-out 
and the use of inert components make this system one 
with a big future. 


International General Electric Company of New York 


DEVELOPMENT OF NEW CARDIAC 
PACEMAKER 


N AMERICAN WOMAN suffering from a once- 

fatal heart disease now leads a normal life because 

of a cardiac pacemaker which has been surgically 
implanted in her body. 

Developed by engineers of tne International General 
Electric Company of New York in co-operation with a 
New York surgeon, this electronic device provides an 
electrical impulse that causes the heart to beat in proper 
rhythm. The electronic aid becomes necessary when the 
heart's normal impulse, supplied through the body’s 
nervous system, is weakened or destroyed by Stokes- 
Adams disease. 

Pacemakers have been successfully employed for such 
cases only in recent years. Further development was 
part of a programme to improve such devices and extend 
their usefulness to other areas of medical electronics. 

This development began about two years ago when 
Jerome J. Suran, manager of Advanced Circuits at the 
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Electronics Laboratory, consulted with Dr. Adrian 
Kantrowitz, head of cardiovascular surgery at Mai- 
monides Hospital in Brooklyn, New York. Suran had 
heard of Dr. Kantrowitz’s experiments in medical 
electronics and was eager to know how the Laboratory 
might assist. 

Suran formed a team of engineers to work on medical 
electronics, and when a patient suffering from Stokes- 
Adams disease was admitted to Maimonides Hospital, 
work on an improved, implantable heart pacemaker 
began. 

In the natural course of the disease, the patient’s pulse 
rate had dropped to 20 beats per minute, barely high 
enough to sustain life. Normal procedure called for the 
immediate implant of steel electrodes into the heart 
tissues to supply impulses. An external pacemaker was 


employed until the implantable device could be designed 
and built. 
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Dr. Kantrowitz specified that the new pacemaker was 
to permit temporary increase in pulse rate for occasions 
when the patient was engaging in strenuous activities. 
External control of pulse rate had never before been 
provided for an implantable device. 

As reliability was the paramount consideration, the 
circuitry was kept as simple as possible, and only 
extremely dependable solid-state devices were used as 
active components. 

Before the surgical implant could take place, a 
working model had to be tested externally for a two- 
week period to make sure that the impulses of the unit 
were compatible with the requirements of the patient’s 
heart. While the tests were running, the final model aad 
an operating spare were constructed and encased in an 
inert plastic. When Dr. Kantrowitz perfoimed the sur- 
gical implant, three engineers were in the operation 
room as members of the surgical team. 

Adam Klisz, the mechanical expert, had developed 


techniques and special tools for welding the connecting 
wires and for sealing the plastic insulation. He was 
assigned to observe and advise the surgeon during these 
procedures. Heinz Raillard and John Schmidt were 
standing by to make any electrical measurements re- 
quired during the operation. 

The patient is now leading a normal life, and is able to 
do any of the things that could be expected of a woman 
of her age. Her pacemaker is completely self-contained 
with a set of batteries that will last from 3-5 years before 
requiring replacement. 

The regular rate of the pacemaker is fixed at 65 beats 
per minute. 

She has a second unit that she can wear if she wants to 
increase her pulse rate for any reason. This device has a 
calibrated potentiometer that can be set at any pulse rate 
from ‘‘70” to “*125’’. It is about the size of a miniature 
transistor radio and has a flat circular antenna which is 
worn over the spot where the pacemaker is implanted. 


Articles Provisionally 
in Future Issues 


Scheduled to Appear 
of this 


The Stability of Permanent Magnets. 

Some Aspects of Component Reliability Data 
Microphones (Part 3). 

Transformers in the Electronics Industry (Parts 2 and 3) 
The Silicon-controlled Rectifier. 

Industrial Plastics for the Electronics Industry. 
Fusing. 

Superconductive Circuitry. 

Use of Glass Fibre in Electronic Components. 
Retainers and Fasteners. 

Recording Heads. 


Problems Involved in the Manufacture of Sub-miniature 
Radio and Electronic Components. 


Thermofit Caps. 


Application of Tesamoll to the Radio and Electronic 
Components Field. 


Vacuum Forming of Plastics in Relation to Radio and 
Electronic Components. 


Components for High-fidelity Equipment (Parts 1, 2 
and 3). 


Glow-discharge Tubes (Parts 1, 2 and 3). 


What to Look for in the Design of Holding and 
Switching Components. 


The list does not include the regular features, i.e., New Components, 


Journal 


A Review of Non-linear Resistors. 

Glass Applications in Transistors. 
Termilode Waveguide Loads. 

Survey of Wound Cores. 

Survey of Modern Battery Practice. 
Printed Circuit Soldering Line. 

Design and Testing of Electronic Circuits. 
Ceramic Components. 

Battery Research and Development. 
Cold-cathode Thyratron for High Current Control. 
Fans for Electronic Cooling 
Pre-packaging. 

Applications of Permanent Magnets. 
Surveys of Valves. 

Constant-voltage Transformers. 
High-power Spark Gaps. 

Mercury Gas Thyratrons. 

Manufacture of Miniature Diodes. 
Chemical Etching of Silicon. 

Avalanche Transistors. 

Trigger Circuits for S.C.R’s. 
Examination of Spike and Flat Leakage in TR Cells. 


Activities in the Industry, Manufacturers Publications and Personalities. 


Other additions will be reports on Conferences and Exhibitions, together with news features, articles and items of topical interest. 
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MICROPH 


By G. R. Pontzen, 
A.M.Brit.1.R.E.* 


PART 2. 


CONSTRUCTIONAL DESCRIPTION 


NES 


Fig. |. Interior of a Lustraphone VR. 53 ribbon micro} 
showing ribbon suspended between the two pole-pieces. 


(Photograph by E. J. Millen) 


A survey grouped into three separate parts for the purpose of (1) Classifica- 
tion, (2) Constructional Description and (3) Application in Practice. 
Particularly in consequence of the substantial and still growing popularity of 
Tape Recording, the necessity of attaining a basic knowledge of Micro- 
phones has acquired a new significance. 


Introduction and Recapitulation 

SHORT reference to Part 1 of this article, pub- 

lished in the May issue of this Journal, is indicated 
to give an introduction to the more detailed analysis of 
various types of microphones from a practical angle. In 
particular it will be found helpful in the considerations 
to follow if we recall the essence of the definition given in 
Part 1 when it was stated that a microphone acts as a 
two-fold converter of energy, transforming (1) acoustic to 
mechanical and (2) the latter simultaneously to electrical 
energy. 

It is interesting to note that the three main groups of 
stage (1) conversion: pressure, velocity and cardioid 
operation, can be achieved by a number of different 
methods as indicated in the small chart in the first article 
on Classification of Microphones. To facilitate cross- 
reference, it will be useful to adhere to the sub-division 
given there, which outlines the basic constructional 
principles of various types of microphones. Only brief 
reference is made to functional grouping and application 
to provide the requisite amount of continuity. 


Design Considerations 
Several vitally important problems face the designer 


of a microphone which is intended to satisfy the con- 
tinuously growing demand for improvement in the 


: Lustraphone Ltd. 
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quality of reproduction—the difficulties and pitfalls in 

both stages of energy conversion being of great diversity: 

(a) The necessity to maintain a high conversion effi- 
ciency or, in other words, to keep losses in the 
system at the lowest possible level. As we set out 
with exceedingly small quanta of energy in the form 
of sound waves imparted to the sound ‘‘collecting”’ 
device of the microphone, and are committed to 
supplying a relatively substantial amount of elec- 
trical energy to our amplifying apparatus, the margin 
of permissible losses is small indeed. In spite of 
considerable advances being made all the time in the 
design and manufacture of valves and transistors, 
we still have to contend with a basic noise level in 
any given amplifier circuit. The required output from 
the microphone—and, where necessary, its asso- 
ciated transformer—must in consequence be com- 
paratively high, in order to achieve a satisfactory 
signal-to-noise ratio. 

(6b) Attention was drawn in Part | to the acoustic effect 
known as diffraction which adversely affects fre- 
quency response to an increasing degree correspond- 
ing to an increase in the size of a microphone. The 
logical conclusion would be—well, let’s design a 
small one. The diffraction effect is low, and the users 
will be delighted—nobody wants a large microphone 
these days! 
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But this is where the trouble starts. The two require- 
ments are conflicting to such an extent that, irrespective 
of the system of energy conversion employed, the 
economic factor comes to the foreground. High con- 
version efficiency would be most readily achieved by: 
Large diaphragms for Stage 1 (Acoustic-Mechanical) 
and large magnet systems in the substantial groups of 
dynamic microphones for Stage 2 (Mechanical-Electri- 
cal) conversion. Obviously, a large diaphragm area 
pre-determines the overall size of the instrument—and 
the diffraction effect is correspondingly large: the 
reduced energy available for Stage 2 conversion when a 
diaphragm of smaller size is used necessitates, in con- 
sequence, an increase in efficiency of the associated 
system providing this facility. 

Only a substantial increase in the precision of manu- 
facture can achieve this result, at correspondingly 
higher expense. 

(c) Whatever the ultimate destination of a microphone 
may be—and this is meant both functionally and 
geographically—its construction should provide the 
maximum amount of flexibility in application and 
use in climatic conditions in most parts of the world. 
The case where a special design is required for one 
application only is comparatively rare, and fre- 
quently an equipment designer considers the micro- 
phone problem only at the last moment, when his 
development work is almost complete. In this 
instance, the microphone manufacturer with an 
extensive range of models is in the fortunate position 
to assist—but this does not alter the fact that early 
consultation between him and the equipment de- 
signer is invaluable. Robustness is one of the fore- 
most requirements in constructional considerations, 
as it has to be borne in mind that, whatever the 
equipment used, the microphone bears the brunt of 
shifting around, exposute to moisture and tempera- 
ture changes, frequent handling and, alas, occasional 
mishandling. 

Having dealt with the more general considerations 
which apply to microphones of all types, we can now 
proceed with the more detailed description of indivi- 
dual groups. We begin with ““Generators” (Item 1): 


the magnetic force. This necessitated physically large 
magnet systems, and correspondingly large diaphragms 
were employed. This, however, had unsatisfactory 
results from acoustic points of view as discussed in a 
previous paragraph. The magnets themselves were ring- 
shaped, in order to obtain a sufficiently large mass of 
magnet material. Today, in consequence of very sub- 
stantial improvements in this field the ring-shaped 
magnet construction is relatively less popular and the 
modern design features the centre-pole magnet which 
offers substantial advantages. Magnetic screening is 
considerably improved and leakage flux reduced, the 
size markedly smaller and, due to greater efficiency, 
there is no comparative loss in the overall magnetic 
performance which is determined by the flux density in 
the airgap. An important constructional point in a 
modern moving-coil microphone is the finite location by 
mechanical means of the inner pole piece with respect to 
the outer magnet ring to make any relative movement of 
the two parts impossible and maintain the airgap con- 
stant (see Fig.2). The electrical output of the instrument 


Air gap 


Magnet casing 


Centering washer 


Magnet slug 


Fig. 2. Centre-pole magnetic assembly of moving-coil micro- 
phone. 


furthermore depends upon the length of the conductor 
intersecting the magnetic lines of flux and this, ob- 
viously, is controlled by the number of turns of wire in 
the moving coil which is attached to the diaphragm. 
Again several conflicting requirements face the designer: 
(a) Only a limited space is available in the airgap and a 
reasonable distance has to be allowed inside and 
outside the coil to ensure free axial movement with- 
out touching either the pole piece or the outer ring. 


(b) In theory, it would follow from the earlier considera- 

Paes tions that all we have to do to achieve high output is 

eee nueeec muctophones to wind our coil with very fine wire and thus obtain a 
We should recall here the principle of the operation of large number of turns to provide a long conductor. 
dynamic microphones which is based on the fact that a This is possible but only at the expense of durability 
voltage is generated by an electric conductor intersecting and higher cost due to more difficult production 
lines of magnetic force. methods. Here we find one of the fundamental 
differences between British and American moving- 

1.1.1. Moving-coil microphones coil microphones on the one hand, and continental 
Only about one decade ago, the main emphasis was types on the other: the standard impedance of the 
laid on maximum attainable sensitivity, i.e. high former is around 20-30 © and that of the latter 
electrical output for a given amount of sound energy 200 ©. Our own chief objection to 200 © coils is 
imparted to the diaphragm, in preference to smooth based on the greater fragility and consequent risk of 
frequency response. The limitations were considerable, mechanical fracture of the very fine wire used, as 
chiefly due to the relative inefficiency of magnetic well as the increased possibility of fracture due to 
materials used in the permanent magnets which provide corrosion, quite apart from limitations in application 
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with British equipment specifying low impedance 
inputs (see Impedance Matching Chart published in 
Part 1). This aspect, however, takes us outside the 
scope of this section and will be treated in Part 3. 

(c) Taking problems (a) and (4) into account, a com- 
promise has to be reached, since the greatest 
magnetic efficiency i.e. the smallest possible airgap 
which requires the maximum amount of precision 
machining and assembly, presents considerable 
difficulty in providing the coil with sufficient space 
for free movement. 

Having discussed the mechanical-electrical aspect of 
the moving-coil device, we can now proceed to the 
acoustic part which is composed not only of the 
diaphragm carrying the coil but, in most modern 
microphones, of intricate combinations of cavities, 
tubes and textile materials. In acoustic “circuitry”, 
these represent capacitance, inductance and resistance 
respectively in that order in equivalent electrical cir- 
cuits. These additional facilities are of the utmost im- 
portance in order to achieve the desired frequency 
response characteristic of a given microphone type, as 
we can see from the following considerations: 

A system, as described before, has a fundamental 
resonance which is essentially dependent on the mass of 
the moving element (i.e. diaphragm and coil combined) 
and the stiffness of its suspension. This resonance would 
produce an equivalent electrical peak in the output of 
the microphone and, as it happens to be well inside the 
audio frequency spectrum, the frequency response of 
such a microphone would be totally unacceptable. One 
way of reducing this peak would be to damp it by means 
of an acoustic resistance but this would be entirely 
wasteful—it has already been stated that it is not easy to 
attain the minimum output level required by an amplify- 
ing system in order to avoid trouble from its inherent 
noise level. Consequently, the correct way to deal with 
this contingency is to partially damp out the resonance 
and introduce acoustic correction in the form men- 
tioned, which produces additional resonances and, if 
correctly designed, results in a relatively flat frequency- 
response curve at a substantially higher level than we 
would have achieved merely by resistive damping of the 
main resonance. 

One most important aspect of the system is correct 
diaphragm design and material. It is vital that the mass 
should be low in order to permit it to follow transient 
impulses faithfully—that it should be capable of moving 
freely yet only in the direction perpendicular to its plant; 
that its restoring force should be equal in both directions 
from the rest position; and that the material should 
withstand climatic and violent pressure changes without 
suffering damage. Both aluminium foil and certain 
plastic materials are suitable to fulfil these pre-requisites 
but it is apparent that the diaphragm is possibly the 
trickiest detail of a microphone. Yet another intricate 
component part is the moving coil proper, and similar 
requirements to those relating to the diaphragm apply: 
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low mass, high resistance to adverse climatic conditions 
and to corrosion. A very important point is the necessity 
for a good space factor which means that the very limited 
space available in the airgap should accommodate as 
many turns of wire as possible. In good quality micro- 
phones the coil is often formerless and self supporting. 
The design of the outer case also plays an important 
part in this connection. 

As we have already seen from the small “family tree” 
showing the essential classification, the moving-coil type 
of microphone is the most versatile of all, as the system 
lends itself to practically any combination of pressure 
and pressure gradient operation, depending on different 
methods of diaphragm mounting; consequently, a large 
variety of different models is available, ranging from 
expensive studio-microphones (omni-directional or car- 
dioid) through medium-priced communications, record- 
ing and public address types (again both versions) to 
cheap general purpose models especially for domestic 
use with tape recorders, the latter being chiefly of the 
pressure (omni-directional) type as this represents the 
least complicated design and can therefore be produced 
at the lowest cost. , 

Two highly specialized versions of the moving-coil 
group are the noise-cancelling microphone and a quite 
recently developed new type of contact microphone; the 
latter should not really bear the title ““microphone” as it 
is meant to be purely a mechanical-electrical transducer. 
In fact, the difficulty with a transducer of this nature is 
how to prevent it from picking up incidental sound 
whilst being outstandingly sensitive to the most minute 
vibration of its sensitive actuator which is coupled to the 
moving-coil system. The noise-cancelling microphone 
deviates from all other current types in so far as the 
diaphragm assembly is so arranged that both faces are 
entirely open to the surrounding air and, consequently, 
the diaphragm is only actuated by a sound source in 
close proximity to the diaphragm whilst all other sounds 
tend to move the diaphragm in both directions simul- 
taneously, and thereby cancel out. More detailed atten- 
tion will be given to these two special instruments in 
Part 3. 


1.1.2. Ribbon microphones 

We are already aware of the fact that this group is 
logically classified as a dynamic microphone, the ribbon 
itself representing the electric conductor in the magnetic 
field and simultaneously the acoustic pick-up device or 
diaphragm. 

We are going to concentrate on the most popular type 
which is the straightforward velocity model witha 
figure-of-8 polar characteristic—a description of pres- 
sure and cardioid ribbon microphones must be pre- 
cluded due to the limited space available, the basic 
principles having been discussed in Part 1. 

In spite of the basic similarity, in principle, with the 
moving-coil microphone, the design requirements of a 
ribbon microphone are vastly different. 

To begin with the magnet system, this is called upon 
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Fig. 3. Typical response characteristic of a ribbon velocity 
microphone (Lustraphone Model VR 53). Top shows the frequency 


response and right is the polar diagram. 


to provide a magnetic field straight across two parallel 
pole pieces, preferably in such a manner as to provide a 
perfectly symmetrical mechanical arrangement both in 
the back-to-front and side-to-side directions. A con- 
venient method of construction is to place two horse- 
shoe magnets at the top and bottom of a pair of 
straight pole pieces (see Fig. 1), with the magnetization 
arranged in such a way that the two form opposite poles 
across the parallel gap. The ribbon which consists of 
exceedingly thin aluminium or Duraluminium foil is 
suspended freely along this gap between two pairs of 
clamps which provide both mechanical support and 
electrical connections. The clamps are arranged so as to 
permit the ribbon to move only at right angles to the 
direction of the magnetic field and, in some high quality 
models, one clamp is adjustable to allow variation of the 
longitudinal tension which determines the resonant fre- 
quency of the ribbon. The ribbon itself is corrugated and 
the method and shape of corrugations varies consider- 
ably between different manufacturers. 
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Similarly, with respect to the problems in the design of 
moving-coil microphones, compromises are necessary to 
overcome conflicting requirements. The magnetic cir- 
cuit would be most efficient with the narrowest possible 
gap between the pole pieces; on the other hand, for a 
given length of the ribbon, the width determines the area 
available for sound pick-up—t is not difficult to see that 
a very narrow ribbon will not be of much use even in the 
strongest of fields. A further difficulty is the limitation in 
length which should not exceed 2 in. Excessive length 
can cause inconsistency in the polar response and there 
is danger of spurious resonances in the ribbon which 
adversely affect the performance; also, the danger of 
flutter due to draughts is increased. 

Effective blast screening is an important aspect and a 
correctly designed ribbon microphone with adequate 
protection in this respect can last a lifetime, provided 
that it is not misused. 

The outer casing, whilst designed to withstand every 
mechanical contingency, should be acoustically “non- 
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existent” and this is one reason why some of the highest 
quality microphones have the appearance of very simple 
shrouds of wire mesh or perforated metal. 

The exceedingly low impedance of the ribbon element 
(a fraction of 1 Q) necessitates the use of a transformer, 
built into the microphone proper, and subject to the 
obvious requirement regarding adequate frequency re- 
sponse of this transformer, it can be stated that a 
velocity ribbon instrument as described is one of the very 
best microphones available for indoor use. A glance at 
the typical response curve will confirm this view. 


1.1.3. Electro-magnetic microphones 


As indicated before, two essentially different designs 
are in large-scale use today, one of which is gradually 
Pole piece 


B wie ee lead 
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Field coil 


Fig. 4. Electro-magnetic microphone insert. 


being replaced by the other, due to substantial advant- 

ages in performance. 

(a) The first type is that which could be regarded as a 
telephone receiver in reverse (it may be appropriate 
to mention in this connection that recent models of 
such receivers also incorporate the second system, 
we are going to describe) and is of great simplicity. 
The principle is based on a permanent magnet 
system with a stationary field coil through which 
part of the soft-iron magnetic circuit is passed. In 
close proximity to the end of the magnetic pole so 
created is an iron alloy diaphragm which completes 
the magnetic circuit through its peripheral suspen- 
sion. One of the chief disadvantages of this arrange- 
ment is the necessity for great stiffness of the 
diaphragm to prevent its “clicking” permanently 
against the pole piece instead of maintaining the 
narrow airgap which forms the basic element of the 
function as a microphone. When the diaphragm is 
actuated by changes in sound pressure, its distance 
from the pole piece is increased and decreased in 
sympathy with the sound wave, and the permanent 
magnetic flux through the system varied accordingly. 
The flux variations, in turn, cause an equivalent 
voltage to be generated in the stationary coil which 
is all nicely in line with our definition of a dynamic 
microphone. The fact, however, that a permanent 
flux is altered above and below its static value, and 
therefore aids diaphragm motion in one direction 
and opposes it in the other, causes non-linear dis- 
tortion in the electrical output. Furthermore, the 
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stiffness of the diaphragm severely restricts low- 
frequency response and the whole system, whilst 
capable of giving substantial output, is not any 
longer considered suitable to provide adequate 
speech reproduction. 

The second method of operation using a static coil 
and changes of flux in an associated magnet system 
is the balanced armature arrangement which can 
assume a multitude of designs different in detail but 
all based on one essential principle—that the arma- 
ture in its rest position does not carry any magnetic 
flux and that, consequently, the excursions of the 
diaphragm from its rest position in both directions 
cause equal and opposite flux through the armature; 
from this, the conclusion can be drawn that the 
corresponding electrical output is essentially free 
from non-linear distortion due to causes encountered 
in the system described under (a). One particular 
design which lends itself not only to operation as a 
pressure type but also to the construction of an 
efficient noise cancelling microphone, can _ be 
described in the following manner. 

A thin armature of high permeability alloy is 
clamped near one end between two equal bar mag- 
nets and passes through a stationary field coil, ‘with 
its other end situated in an airgap between two pole 
pieces which, in turn, are fixed on the outside faces of 
the two magnets, and hold the coil in position. An 
extension of the armature is bent up at right angles 
and fixed to the diaphragm; this is mounted parallel 
to the armature on a mounting plate, the end of 
which carries the magnet and coil assembly. It can 
readily be understood from the illustration that the 
flux through the armature must be zero if the mag- 
nets are equal, magnetized in the same direction, and 
the two pole pieces equidistant from the armature. 

When efficient magnet circuitry is employed, high 
electrical output can be achieved. The coils can be 
wound to obtain impedances up to 2,000 . 


(b 


— 


1.2. Crystal microphones 

A fairly detailed description of a diaphragm-actuated 
piezo-electric microphone was given in Part 1 and, 
without going into details involving theoretical aspects 
beyond the scope of this article, very little can be added 
to it. 

It is worth mentioning that some disadvantages, 
especially climatic limitations, quoted for the most 
commonly employed crystal (Rochelle Salt) are, to a 
great extent, overcome by new synthetic materials. One 
of the main features of Rochelle Salt, however, is its high 
electrical output and this has not been equalled so far in 
such materials. This drawback naturally limits the 
application of these new crystals for the time being, 
unless further fundamental development work achieves a 
substantial overall improvement. 

A second method of constructing a piezo-electric 
microphone is the so-called direct actuation system 
which is achieved by two crystal elements being mounted 
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with an enclosed air-space between them. The necessary 
mechanical distortion is originated by variations in 
sound pressure on the outside of such a combination 
which is called a sound cell. A number of these can be 
connected together and this is undoubtedly an essential 
feature due to the fact that the sound cell is far less 
sensitive than the diaphragm-operated unit. The reason 
for this is the considerably smaller surface area of the 
former; the frequency response of a sound cell micro- 
phone is, however, far superior to that of any diaphragm- 
actuated one—there is no diaphragm resonance to con- 
tend with, nor are there any considerable diffraction 
effects such as those caused by the considerable size of a 
diaphragm-actuated unit. 

Sound cell microphones have lost a lot of their 
popularity in recent years, as they are quite expensive to 
produce and are still subject to the limitations already 
quoted. 

We still have to deal briefly with the ‘““Modulators”’ 
group (Item 2) and begin with: 


2.1. Carbon microphones 


The best-known specimen carbon microphone is the 
type still in use with the G.P.O. and again, there is little 
to add to the description already given in Part 1. One 
point of some importance, although of rather limited 
application, is the distinction between single-button and 
double-button carbon microphones. The G.P.O. micro- 
phone used in the telephone system is of the former type 
which is also still widely used in American aircraft radio 
communication equipment. The double-button micro- 
phone requires special circuitry, in so far as it consists of 
an arrangement comprising three electrodes with the 
carbon granules interposed between them. The two 
outer electrodes are fixed and the diaphragm is con- 
nected to the centre electrode which, in the process of 
vibration, simultaneously increases the resistance to one 
fixed electrode, and decreases the resistance to the other, 
thereby providing an electrically balanced circuit. Con- 
sequently some of the non-linear distortion which is 
prevalent in a single-button carbon unit is cancelled out 
and substantially improved reproduction results. 

In general, carbon microphones are used as pressure 
operated devices only. As usual, however, one exception 
proves the rule as there is, or was, a carbon noise- 
cancelling microphone in existence in the United States 
of America. 


2.2. Condenser microphones 


As discussed in Part |, two distinctly different types of 
“‘Capacitor” microphones are on the market—although 


* 
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the principle of operation is identical. 

The domestic model which, to the writer’s knowledge, 
is only produced in Germany, provides sufficient elec- 
trical output to be used without a pre-amplifier and is 
entirely “married” to equipment providing the required 
d.c. polarizing voltages of approximately 100 V. In this 
instance, frequency response considerations are sacri- 
ficed to the paramount requirement of obtaining adequate 
output and this can only be achieved by large physical 
size. This, as we have mentioned, causes diffraction 
effects which adversely affect the performance. The con- 
struction is ingeniously simple, with the diaphragm 
consisting of a thin plastic sheet coated on one side with 
a metallic film, suitably stretched and peripherally 
suspended close to the static plate. This type is produced 
as a pressure operated microphone only. 

Professional models include purely pressure types or, 
as stated in Part 1, combinations of progressively 
variable operations. Precision work of the highest 
accuracy obtainable in mechanical engineering is re- 
quired, in order to allow the diaphragm to be situated in 
close proximity to the static plate, without the possi- 
bility of touching it, even when subjected to exception- 
ally high instantaneous sound pressures. The physical 
size is usually quite small; on the average, the diameter 
of such an instrument today rarely exceeds the size of 
a penny and this achievement brings the reward of 
insignificant diffraction effect. Coupled with the in- 
herently excellent frequency response characteristic of a 
correctly designed microphone unit, in which the 
diaphragm resonance is placed above the audible range, 
there is ample justification for the popularity enjoyed by 
this microphone for Studio and Broadcasting work. The 
associated pre-amplifier and matching unit must of 
necessity be mounted in the same case as the microphone 
proper, in order to prevent losses in connection leads 
between the two. Looking at the impedance matching 
chart it can be concluded that the output impedance 
from the microphone pre-amplifier is designed for long 
lines, which is an additional advantage—but we must 
always remember that the high price limits the use of 
such a microphone to Broadcasting and Recording 
Studios and to the fortunate few! 

It is hoped that the necessarily somewhat con- 
densed description of the microphones chosen has pro- 
vided the reader with sufficient information to appreciate 
some of the problems involved in the design, and to 
follow the forthcoming discussion on the application of 
microphones. 


It is hoped to publish the final part of this article in the Novem- 
ber issue. 
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Problems in the Manufacture 
of Mass Produced Precision 
Pressings. Part 2 


By John Mortimer 
C. Brandauer & Co. Ltd. 


This is the second of two articles which show what a leading British manufacturer 
has done to overcome problems in the manufacture of mass-produced precision 


pressings for the electronics industry. 


| eee for the production of miniature and sub- 
miniature pressings demands the ultimate in design, 
materials, machines and tools. If we take in the first 
place design of press tools and fixtures we must put 
ourselves into the predicament the designer finds him- 
self when a new job appears. He must, for instance, 
consider and cater for the following factors: 
(a) Length of run; (b) Economical price of com- 
ponents; (c) Accuracy of design and manufacture; 
(d) Minimum tool maintenance costs; (e) Practic- 
ability; (f) Type of material to be processed; 
(g) Type of tool steel to be used; (h) Simplicity of 
tool design to keep toolroom hours low. 


Design 

On simple or less complex components these prob- 
lems can easily be solved. Standard text books give 
many of the answers, but miniature and sub-miniature 
presswork poses many problems—a great number of 
these have been solved already by means of research and 
the recording of results, but each week many mote 
answers are found and faithfully recorded. It is neces- 
sary for design staff to keep a very detailed record of the 
many ways in which problems have been overcome, and 
these are tabulated and constantly referred to during the 
initial design stage to ensure that past experience is 
applied to today’s problems. Design staff, in the initial 
stages, must have very full consultations with the tool- 
room, production and purchasing management to en- 
sure that each facet of their problem is fully covered in 
order to ensure reliable production and deliveries. It is 
essential for them to have sufficient experience in their 
field of work to be able to appreciate the limitations of 
men, machines and materials. 


Tool Construction 


After design, the next real problem is the construction 
of the tool. Many years ago it was common practice in 
most tool rooms for a toolmaker not only to design his 
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tool but make, finish and assemble the complete press 
tool. 

This method, although dying out, is still far too pre- 
valent, and any Company which intends to manufacture 
first-class tooling will meet the many drawbacks of this 
method of manufacture. As this method still exists, 
however, we will explain in some detail its disadvant- 
ages, and compare it with the methods used, for 
example, by Brandauer’s who have developed a sec- 
tionalized tool room which is under very strict control 
and supervision and is capable of producing a very high 
standard of tooling for miniature presswork. 

Design, as mentioned before, must carry thought, 
experience and accuracy. This can only be carried out by 
an experienced tool designer, and must be treated as an 
individual problem. Drawings are then issued to the 
machine shop; these drawings having been checked by 
the toolroom manager and production executive, 
represent a definite instruction. They also specify the 
steel, component parts and ancillary equipment neces- 
sary for the construction of the tool. 

The machine shop receives these instructions and 
commences to cut off, shape, turn, mill, bore and drill 
the component tool parts. In this department the 
machine tools have been purchased with their ultimate 
accuracy, rate of stock removal and ease of working in 
mind. They are carefully maintained, replaced the 
moment such action becomes necessary and each 
machine tool is manned by an expert—the whole unit 
being controlled by an expert machinist who is respon- 
sible for accuracy and output rate to the toolroom 
manager. All machined parts are checked with the 
relative drawings fed into a work pan and then passed to 
a toolmaker who attends to such details as drilling, 
reaming and honing, etc. Certain parts are then hard- 
ened in an electric muffle and tempered to a pre- 
determined hardness. This operation together with steel 


specifications can have a great bearing on ultimate tool 
life. 
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Fig. |. Part of the drawing office, where all tools, jigs and fixtures 
are designed and drawn out. This office also retains the masters 
for reference purposes. 


Fig. 2. Anumber of machined parts, a die set, and drawings ready 
to be issued to a bench hand. 


Fig. 3. Nine-stage follow-on tool to produce six beryllium copper 
components per blow from 0-006 in. material. The four-pillar die 
set fitted with ball bearing bushes to ensure accurate line-up over 
jong runs should be noted. This tool was designed to produce 
30,000,000 parts. 
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Fig. 4. Vickers Diamond Hardness Testing Machine which is used 
to test the hardness of all punch and die sections after heat 
treatment. The machine will also test the hardness of incoming 
materials and components after heat treatment. 


AA Si Z 

Fig. 5. Jones and Shipman 540 Surface Grinder fitted with a 
Dia-Form wheel dressing attachment for the accurate profile 
grinding of punches and dies. This machine is also fitted with a 
power rise and fall to the wheel head. 


Fig. 6. Dean, Smith & Grace Precision Toolroom Lathe. 
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Fig. 7. A ten-stage follow-on tool designed to produce two con- 
tacts per blow from 0-008 in. hard phosphor bronze coil. All 
punch and die sections are ground and the average production 
between regrinds is 600,000 parts. 


Each part is carefully checked for hardness on a 
Vickers Hardness Testing Machine and any part which 
fails inspection is scrapped and replaced. 

Due to the fact that the achievement of high accuracy 
is expensive and also because steel can distort slightly in 
heat treatment, the ultimate accuracy of a press tool is 
imparted on hardened steel components. There may be 
as many as 150 designed into a complicated press tool, 
and it is not unusual to have fifteen progressions in a 
follow-on tool. One can easily see that an inaccuracy of, 
say, 0-001 in. in the initial stage could lead to an 
intolerable 0-015 in. on the eventual product, therefore, 
if one has to work to limits of --0-0015 in., which is 
necessary in many cases, one has to control this parti- 
cular operation to +0-0001 in. 

The grinding section, as with the machining section, is 
again manned by experts, who maintain their machines, 
make special attachments for them and concentrate 
their considerable skill on this one facet of toolmaking. 
It is to be hoped that, at this stage, the advantages of a 
sectionalized tool room are beginning to become 
apparent; basically, experts are in charge of each 
individual operation. The grinding operations are 
carried out on Jones and Shipman 540 Surface Grinders 
fitted with various attachments for profile and radius 
grinding; special jigs have to be made in many cases, 
and wheel specifications must be carefully chosen. 
Machine maintenance and cleanliness is as essential as 
good lighting and quietness. This section is split further 
in that the most up-to-date machines and the most 
skilled operators are engaged entirely on die and punch 
production; the slightly older machines and less skilled 
are put on maintenance and squaring-up of tool parts. 
This ensures maximum utilization of plant investment 
and also progressive training of personnel. 

The grinding machine operators have to have a very 
real knowledge of press tool manufacture, for, as they 
produce the component parts they have to be checked 
for size against the drawings and returned to the tool- 
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maker for actual fitting into the remainder of the press 
tool which, by now, is ready to accept them. The press 
toolmaker or fitter, fits the component parts together, 
checking at each stage. Here again absolute cleanliness, 
good light and individual benches to eliminate un- 
necessary distraction are essential. The tool having been 
assembled is now ready for a try out and a special press 
is installed in the toolroom for this purpose. At this 
stage the success of design and workmanship is severely 
tested, and it would certainly be untrue to say that any 
tool is perfect for production at the first attempt. In 
most cases, modifications to component parts have to be 
made, and these alterations or modifications are reported 
to the toolroom manager and designer and the drawing 
altered where necessary—any imperfections in machined 
parts being taken up with the machinist concerned. 


A pre-production run is carried out after these 
modifications and the components are then submitted to 
a fully equipped inspection department prior to being 
despatched to the customer for his final approval. After 
the pre-production run the tool is again stripped for 
final checking and if found to be satisfactory passed to 
the production department. 

This method of tool production ensures that only one 
man, an expert, uses one machine tool. If his work or 
his machine is inaccurate the errors can be pinpointed 
and either the man replaced or taught to overcome his 
difficulties, or his machine 1eplaced or reconditioned. 
Each machine has a forward work load, so machine tool 
down time is at a minimum. Inspection of component 
tool parts is made easier, for if one man is responsible for 
all parts of a press tool he might make an error on one 
part, and to save scrapping it, makes a complementary 
part out of drawing to suit his initial error. This may not, 
in a single instance, be disastrous but if repeated many 
times, can make tool tryout times ridiculously long and 
maintenance extremely costly. 


The writer has had experience of long and costly 
tryout periods and maintenance having to be done by 
the original toolmaker. The standard excuse of “‘well he 
understands that job” is really that he remembers to 
some extent all his deviations from drawing. 


The other essentials, both from the point of view of 
maintenance and new tooling, are that the toolmakers 
are made aware of tooling and repair times. These must 
be accurately assessed, recorded, and visibly shown. 
Good, fast and accurate toolmakers are very rare. At 
Brandauer’s a certain number of toolmakers are, by 
rotation, kept on new tools whilst others are detailed to 
maintenance. This ensures maximum concentration on 
the job in hand and also ensures that new tool com- 
pletion times are practical and that an accurate measure- 
ment of maintenance is possible. 

Each toolmaker clocks on and off each job, his hours 
are logged visibly on a production control wall chart and 
excessive times or lack of progress are spotted before it 
is too late. 


A noa-contributory pension scheme, good working 
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conditions and a training scheme for young apprentices 
should ensure a continuity of enthusiasm and skill. 


Conclusion 


This then has been a necessarily brief outline of the 
industry as it stands today and a picture has, we hope, 
been given of the kind of complexities which personnel 
engaged in the mass-produced precision pressings field 


have to face. There is no doubt that these complexities 
will become even greater as higher and higher standards 
are required and extremes of miniaturization specified. 
Provided, however, that manufacturers prepare ade- 
quately for the problems that must come then the 
precision pressings industry in Great Britain will easily 
be able to compete with the best that the world has to 
offer. 


PHOTOMULTIPLIER TUBES 


As an Aid to Steel Manufacture 


M ODERN STEEL FURNACES can produce a 
“charge” of steel in ten minutes, but a chemist 
takes anything from an hour to a day to analyse a sample 
of the charge by wet chemical analysis. If the analysis 
then shows the composition to be incorrect, the charge 
has to be scrapped and the whole tedious time-wasting 
cycle begun again. 

Hilger & Watts Ltd. has recently introduced the 
Polyvac-12 direct-reading vacuum spectrograph, for the 
rapid automatic analysis of carbon, phosphorus, sul- 
phur, manganese, silicon and other elements in steel. It 
can determine eleven elements in less than three 
minutes—considerably faster than a photographic 
spectrograph. The sample can be analysed and verified 


Bank of furnaces, capable of temperatures of 450-750°C, con- 
taining specimens with dial gauge extensometers attached. 
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or corrected, before the charge is poured. This is 
obviously of great help to the steel maker. 

Polyvac has four parts—a source unit, a poly- 
chromator, a console and a vacuum pump. The poly- 
chromator, in its simplest version, accommodates up to 
12 photomultiplier tubes, supplied by E.M.I. Electronics 
Ltd. For more complex analytical requirements, a 
modified spectrometer fitted with up to 20 photo- 
multiplier tubes can be used. E.M.I. photomultipliers 
are specified for this equipment because they are 
particularly stable and have a very low dark current. 

Polyvac was designed as a vacuum spectrograph so 
that the far ultra-violet-—where the best spectral lines 
for the important elements in steel making are found— 
should not be absorbed by the oxygen in the air. 

It is a fully automatic instrument. The sample is 
mounted on a discharge stand and the start button 
pressed. Less than a minute later, the read-out system 
begins to present a series of results on a meter, recorder 
or typewriter. The analysis of plain-carbon or low-alloy 
steels is presented in 75 seconds. A rate of working of 
130 samples—each sparked in duplicate—per eight hour 
shift can easily be achieved. 

What happens is that the sample is sparked in a small 
chamber, where it acts as an electrode. Its light enters 
the spectrometer and is dispersed into a spectrum by 
fluorite prisms which are transparent to the far ultra- 
violet. The spectral lines of interest are isolated by 
narrow slits and their light sent to the E.M.I. photo- 
multipliers by small mirrors. 

The outputs of the photomultipliers are stored in 
capacitors, and the potentials of the capacitors are 
measured in turn at the end of the exposure. 


* * * 
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Plain near Warminster, Wiltshire. 


adequately illustrated by the fact that t 
shots fired. 3 
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Demonstration of the 


VICKERS VIGILANT ANTI- 
TANK GUIDED MISSILE 


he new Vickers Vigilant anti-tank guided missile. 
British Army School of Infantry, on Salisbury 


Fie ae 


N Friday, 7th July, a demonstration was given of t 
The demonstration was given by soldiers of the 


The component parts of the weapon are shown in the illustration and its capabilities were more than 
welve direct hits were scored on moving targets out of the thirteen 


GYRO UNIT 


WARHEAD 


NOSE PROBE CABLE DUCT 


PROTECTION CAP 


NOSE CONE 


SUB-BOOSTE 


MAIN BOOSTER PELLE 


RUBBER STRIP RETAINING GUiI 
WIRE TO MISSILE WHEN IN CARF 


MAIN CHARGE 


NOSE PROBE IN 
RETRACTED POSITION 


OUTER CONTACT ‘ FLEXIBLE GUIDE 


R.F.SCREEN 
CONNECTION TO CARRY BOX 


660 RADIO & ELECTRONIC COMPONENTS SEPTEMBER 1961 


«As 


oe 
WIRE DISPENSER “©7S_BLANKING 
PLUG 


IGNITER PROTE REAR LAUNCHING GUIDANCE wirt 
CAP 
BLAST TUBE ae 

PROTECTION CAP__ IRING WIRE 
er 

FINS Ln. 

ACTUATOR UNIT 
WINGS NAY 


KET MOTOR PLUG No.3 


~ 
dl 


IGNITER PRIMER 


IGNITER & FLARE ASSEMBLY 


SEALING RING 


rags BLAST TUBE 


REAR CONNECTIONS 
TO FAIRINGS 


GAS TAPPING \A 
FOR ACTUATOR # 


CONNECTIONS 
TO MISSILE 


CHARGE 


4 
en 


PRINTED CIRCUIT 
BOARD 


Ia 
SOCKET Ne.5 


5a PLUG No.5 
FORWARD CONNECTIONS 


—) TO FAIRINGS 
; 


PLUG Ne./ 
= TERMINAL BLOCK 


COVER AND RF. SCREEN 


Vigilant has been developed over the past four-and-a-half years as a private venture project by 
Vickers-Armstrongs (Aircraft) Ltd. The additional resources now available in the British Aircraft 
Corporation give adequate production facilities for world-wide orders. Development is now complete 


and a production programme is under way. 


It has been designed to give a tank killing capability to individual soldiers. For airborne and 
commando operations, an attacking force equipped with Vigilants has an effective anti-tank weapon 


ready for firing within seconds of landing. The complete weapon system weight is under 50 Ib. 


The need for an infantry anti-tank missile is now being appreciated by many countries. Although 
Vigilant, with its more sophisticated control system, costs more than other missiles, the chance of 
scoring a hit is much greater and over longer range and wider angular coverage. The missile has its 
own auto-pilot which automatically corrects errors of course and all the operator has to do is to 
“cover” the target with a tracking flare in the rear of the missile. In practice, this means the most 
vulnerable part of a tank may be selected to ensure a kill rather than risk a glancing blow on the tracks 
or outer armour. The pistol-grip control unit is extremely easy to use and can be used by the operator 
to guide the weapon onto its target after little more than five hours training, and he can be up to 


75 yards away from the missile at the moment of firing and still engage the target successfully. 
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Encapsulation Systems for 
Electronic Gomponents 


This article describes some of the modern developments in the encapsulation 
of components, and various processes are described. Under the agreement 
with Emerson & Cuming Inc., Microcell’s Electronics Division at Black- 
water, Camberley, Surrey, is responsible for the marketing and distribution in 
the United Kingdom of the American company’s range of plastics designed 


specifically for the electronics industry. 


M. C. Volk, A.B. 


Emerson & Guming Inc. 
Canton, Massachusetts, U.S.A. 


Saree PRONIC component packages are becoming 
steadily smaller and smaller. The term miniaturiza- 
tion, used to describe the new trend in circuit design 
some ten years ago, is being displaced by the designa- 
tions “subminiature’” and “‘ultramicro”’. Space and 
weight saving in military applications and portable or 
airborne communications equipment dictated the de- 
velopment of these small units and their reliability and 
serviceableness in use have led to their adoption over the 
whole field of electronics. 

The miniature package is designed electrically to do 
the given job every bit as well as the 10- or 100-times 
larger unit it is to replace. This means, for the engineer 
designing the insulation, developing improved insulating 
materials and new approaches to insulation system 
design. 

Specialized function, extreme use environments, long 
service life requirements, and extreme precision charac- 
terize the applications which employ insulated com- 
ponents. No longer does a dielectric which merely has 
high dielectric strength and high insulation resistance fill 
the bill. Custom tailoring insulating materials and 
systems to specific requirements of the job at hand has 
become an essential part of present-day electronics 
technology and encapsulation by a variety of processes 
is now an established means of achieving rugged, void- 
free, moisture-impervious insulation and protection. The 
plastics industry is meeting the challenges of com- 
ponent engineering with speciality dielectrics and im- 
proved techniques of application, as the following 
examples from the small components field will show. 


Capacitors 


Rugged, compact, completely solid structures are 
achieved by encapsulation. Freedom from leakage and 
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drying out, which are common problems with liquid 
impregnants, gives improved reliability and extends 
service life. The use of low-viscosity, solventless 
encapsulants assures thorough penetration and void- 
free products. 

The units must be thoroughly dried before processing 
and handled with extreme care to prevent subsequent 
moisture pick-up. Wound elements and multilayered 
stacks are first converted into solid structures by im- 
pregnation with a polymerizable resin. The units may 
then be encapsulated by potting, casting, moulding, or 
dip-coating. The following impregnation sequence with 
a typical impregnant* and the examples of encapsulation 
processes illustrate current solutions of insulation prob- 
lems in the production of high specification capacitors. 


Vacuum impregnation 


1. Arrange units to be processed as a batch on racks, 
suspending them by their leads and at a uniform height. 
Position rack in vacuum chamber so that impregnant 
will amply cover the windings. 

2. Dry units by heating the chamber (250°F.) under 
vacuum below 0-1 mm pressure for about 16 h. 

3. Prepare impregnant. This is done by mixing 1 % by 
weight of Catalyst #10 into the required amount of 
Stycast 62. 

4. Turn off heat on vacuum chamber and allow to 
cool to room temperature. Keep vacuum applied. 

5. Admit impregnant (Step 3) to cover the units to the 
desired depth, maintaining the vacuum. 

6. Hold under vacuum for $ h. Adjust vacuum so that 


*Emerson & Cuming, Inc. solvent-less aromatic hydrocarbon 
formulation, viscosity 0-9 centipoise at 25°C. Storage life of the 
catalyzed resin is one week at room temperature, longer if re- 
frigerated. (Note: Trade names throughout are Emerson & 
Cuming, Inc. products unless otherwise designated.) 
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impregnant boils slowly. The vacuum line should have a 
cold trap kept at about —65°F. close to the chamber to 
prevent fouling the line or pump. 


Fig. 1. Titanate ceramic disc capacitors, encapsulated by dip-coating 
in Eccocoat D-30, are rugged and perfectly sealed against moisture 
penetration. 

7. Break the vacuum. Keep units immersed in im- 
pregnant at atmospheric pressure for at least 2 h. 

8. Remove rack with units from the chamber. Let 
drain for a few minutes. 

9. Cure in circulating air oven at 85°C. for 10h. 

The now solid windings are ready for encapsulation. 


Dip-coating 

The main features of the dip-coating process (Fig. 1) 
are simplicity, low equipment and processing costs, 
flexibility, and adaptability to batch and automatic 
production methods. Dip-coats conform to the contours 
of the unit, thus affording space and weight savings over 
conventional rectangular or cylindrical castings as well 
as the electrical advantages of uniform thickness of the 
encapsulating dielectric. Several types of dip-coating 
formulations are available. They include adjusted 
viscosity dipping resins, thixotropic dip-coating com- 


Fig. 2. Epoxy moulding compounds in their dry, granular form. 
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pounds, and hot-gel types. A hot-gel modified epoxide 
formulation (Eccocoat D-30) was selected to meet 
specifications in the following example. 

An insulating and processing system for volume 
production was designed for high electrical specification, 
mylar film, and wound capacitors—the finished package 
to be rugged, and of minimum volume. The temperature 
specification was 250°F. Dip-coating in hot-gel epoxide 
after impregnation with low loss polymerizeable hydro- 
carbon resin met all requirements. Units were processed 
in batches of twenty, and were handled from impregna- 
tion through the final cure of the dip-coat without 
removing them from the supporting rack. A single dip 
gave the necessary 20 mil thick coating. The impreg- 
nated solid units were heated to 300°F, dipped at the 
rate of 1/2 ft/min., with a 30 s interval before starting 
withdrawal. The tank was vibrated on a mechanical 
vibrator during the dipping operation. A few seconds 
drainage and an oven cure for 4 h at 300°F completed 
the process. Specific properties of the D-30 encapsulant, 
namely, outstanding adhesion to impregnant and to 
metal leads of the element, superior moisture-resistance, 
low vapour transmission, and resiliency to absorb 


oe 
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Fig. 3. Horizontal transfer moulding press for small electronic 
components. 

thermal and mechanical shock contributed to the suc- 
cessful solution of this insulation problem. 


Transfer moulding 

Direct encapsulation of small components by transfer 
moulding techniques is now possible. Sparking this 
advance has been the development of epoxy transfer 
moulding powders (Fig. 2) and of automatic equipment 
for low- and moderate-pressure transfer moulding (Figs. 
3, 4). The use of lower pressures broadens the applica- 
tion of compression moulding into the area of fragile 
units and epoxy formulations make available, for 
application by this technique, some of our best and most 
versatile encapsulants. Transfer moulding is the method 
of choice where the number of parts to be run is high and 
the unit can be designed so that moulding pressures will 
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FIGURE 4. DIRECT ENCAPSULATION BY TRANSFER MOULDING 


Fig. 4. Procedure for direct encapsulation by transfer moulding. 
Forty-cavity mould for encapsulating mylar-wound capacitors. The 
encapsulating material is a dry epoxy moulding compound and the 
overall cycle is approximately 2} min. Other applications are: 
resistors, delay lines, transformers, chokes, diodes, vamistors, 
modules, and wire-wound coils. (2) Mould open, front view; (5) Load 
capacitors in frame; (c) Place frame into mould; (d) Actuate cycle 
buttons; (e) Remove loading frame after cure; (f) Check units; 
(g) Remove upper part of frame; (A) Break off runners. 

(Courtesy of Hull-Standard C. orporation, Hatboro, Pennsylvania, 
U.S.A.). 
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* Extremely dclicate dements have been successfully processed by 
transfer moulding at much lower plunger-head pressures. These 
imciude diodes and rectifiers, deposited carbon and metal film 
resistors. and minizture wire-wound devices. Recently developed and 
now in use on 2 production basis is 2 process for the encapsulation 
of fragile diodes using very low viscosity epoxy transfer-moulding 
compounds at pluager-head pressures of 30 Ib./in.” 
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An attack on the particular problem of leakage in 
liquid-filled components has been launched by means of 
research on dielectric gels. Silicone fluids which poly- 
merize to heat stable gels* have found an application in 
the potting of miniaturized circuits. Self-healing proper- 
ties and ease of repair permit the electrical check of 
elements and easy replacement of defective or failing 
parts. In development by Emerson & Cuming Inc. at the 
time of writing are chlorinated hydrocarbon gel-forming 
resins of interest in the potted capacitor field (Fig. 5). 
Favourable electrical properties of these resins are low 
dielectric loss, and higher dielectric constant than either 
mineral oil or the usual solid dielectrics. The gel form 
solves the problem of breakdown in service due to 
leakage, especially from accidental puncture or rupture 
of the housing and excellent corona resistance is 
anticipated. 


Resistors, diodes and transistors 


Dip-coating with thixotropic or hot-gel resins and 
low-pressure moulding processes are finding an increas- 
ing number of applications for the mass production of 
high-precision resistors, diodes, and transistors. The 
impregnation step, of course, is omitted in processing 
this type of element. Compression moulding, with 
preformed plastic tablets or extruded putties, transfer 
moulding, and potting in plastic shells lend themselves to 
direct single-operation automatic processing for efficient 
high-volume production. Speciality plastics permit 


operation at service temperature ambients up to 500°F 
and provide complete protection against moisture 
penetration—even in an underwater environment. The 
embedment of Fig. 6 is typical. This precision resistor is 
moulded in Stycast 2662, an epoxide capable of 500°F 
operation. Special configuration of the moulding per- 
mits chassis mounting for efficient heat transfer from 
resistance element to heat sink. 


Transformers and coils 


Heavy-duty service and applications in automatic 
control devices impose stringent requirements in the way 
of ruggedness, precision, reliability, and long life- 
expectancy. Process design for mass production is often 
involved as units may be destined for use in high volume 
markets such as the appliance field. 

For impregnation of coil windings, low-viscosity 
solventless impregnantst and vacuum and _ pressure 
impregnation techniques are replacing solvent-diluted 
varnishes applied by dip or spray. In addition to giving 
improved electrical performance in the finished unit, the 
use of solvent-free resins makes it possible to impregnate 
and encapsulate in one operation. 

Classical processes of potting, casting, moulding and 
dip-coating have been adapted and improved for use 
with modern encapsulants to provide specific solutions 
of insulation problems for inductors of all kinds. Plastic 
alloys and, in particular, epoxy-silicone formulations,? 


Fig. 5. Chlorinated hydrocarbon encapsulant pours as a liquid (left); cures to a self-healing gel for leak-proof pottings and easy check of 


* Dow-Corning Corporation, Midland, 


ichigan, U.S.A. 


+ For example Eccoseal 1207, special formula epoxide impregnant. 
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electrical elements (right). 
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Fig. 6. Precision resistor moulded in Stycast 2662. 
(Courtesy of Sage Products Company, Rochester, New York, U.S.A.) 


are uniquely suitable for small transformer and heavy- 
duty coil insulation. They combine the best characteris- 
tics of both polymers, with elevated temperature 
stability and resilience over a wide temperature range of 
silicones and with superior adhesion, moisture-resist- 
ance, and outstanding electrical properties, at all fre- 
quencies, of epoxides. 

The dual advantages of conformal encapsulation and 
potting can be obtained by the use of conformal mould- 
ing techniques.* In this method, the part itself is used as 
a die; a mould is formed about the part by draw- 
moulding thermoplastic sheet. Excess sheet material 
becomes a reservoir into which the encapsulant is 
poured to impregnate and pot. The mould and reservoir 
may subsequently be stripped from the unit after cure of 
the casting, or the reservoir only may be cut away for a 
potted unit. 


Fig. 7. Dip-coated transformers have improved moisture-sealing and 
heat dissipation properties. 


The small transformers shown in Fig. 7 are batch 
processed by impregnation and dip-coating. Vacuum 
impregnation with Eccoseal 1207 followed by two dip- 
coats of Eccocoat D-30 gives a unified epoxy electrical 
insulating system. With their armour coats only 3p in. 
thick, these units dissipate heat rapidly, and at the same 
time will stand up to high humidity and rugged service 
environments. 

Cost was an important consideration in designing 


* Minnesota Mining and Manufacturing Company, St. Paul, 
Minnesota, U.S.A. 
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insulation and processing for a solenoid coil for 
regulating cyclic operations in a domestic appliance 
(Fig. 8). These units are now being mass produced by 
alternate vacuum and pressure casting in multiple- 
cavity moulds, using an automatic mixing-dispensing 
system to fill the moulds under vacuum. Evacuation and 
pressure are employed in this application to ensure 
adequate impregnation of the windings with the heavily 
filled encapsulant.t The coil forms are compression 
moulded phenolic plastic. The epoxy encapsulant has 


Fig. 8. Encapsulated solenoid coil is mass produced at rate of several 
thousand per day. 

outstanding moisture resistance and also forms an 
integral bond with the coil-form plastic; thus the coil has 
a long service-life under conditions of immersion in 
detergent solutions. 


Miniaturized circuits 


Horizons in the encapsulation of electronic circuits are 
limitless. Here, more than anywhere in encapsulation, 
each job presents unique problems, and today’s happy 
solution is but the prelude to the greater complexities 
and more stringent specifications of tomorrow. Custom 
materials and custom processing are the rule, for these 
tiny circuits are composed of densely packed diverse 
electronic elements of high precision which must be 
effectively insulated from each other and from the 
environment by a minimum thickness of dielectric. 
High-frequency uses demand special dielectric as well as 
electrical properties in encapsulating materials. The two 
following examples of electronic circuit encapsulation 
illustrate the considerations involved in designing 
effective insulation for such systems. 

As part of a programme to reduce the size of com- 
puter components, a transistorized gated flip-flop circuit 
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was submitted for miniaturization. Printed-circuit 
techniques were first considered as the best hope for 
reducing the size, but the 3-dimensional cast unit, 
designed with free-space wiring, achieved an even greater 
overall reduction in size with no sacrifice of reliability 
(Fig. 9). The packaged circuit is § in. in diameter and 
13 in. high. It consists of eleven } in. width resistors, four 
disc capacitors, four transistors and seven diodes 
mounted on a miniature plug-in base. A dielectric coat- 
ing insulates all surfaces of all elements. Space design, 
placement of units, and encapsulation procedure were as 
follows. 

All wiring was perpendicular to the base so that 
principal component faces could be positioned in the 
mould to allow the resin, in filling, to flow downward 
freely toward the plug-in base. The transistors were 
placed at the top of the unit, for this was to be the 
coolest part of the completed unit. 

The four transistors were first cast together, as a 
module, using epoxide resin of paste consistency. After 
all other wiring was completed, the block of transistors 
was placed at the top of the unit, leads up, and the leads 
brought out and down to the proper points. The units 
were cast, terminals up, in cylindrical moulds, in filled 
epoxide encapsulant.* An extremely rugged package 
with good heat dissipation characteristics was achieved. 

A 0-310 in.? ceramic wafer is the basic design unit for 
ultramicro electronic circuits in block form, as de- 
veloped by Radio Corporation of America (Fig. 10). The 
wafer, usually made of alumina, serves as a mounting 
platform or base for miniature circuit elements, such as 
capacitors, transistors, resistors, and ferrite-core induc- 
tors. Circuit elements are applied to a series of wafers, 
* Stycast 2651 (Note: The casting of Fig. 9 was made with clear 

resin to show internal design). 
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Fig. 9. High component density space- 
wiring technique is demonstrated in this 
gated flip-flop encapsulated in clear resin. 


Fig. 10. Micromodule circuit; ceramic 
wafer block design for high parts-density 
package; Stycast 2651-40 encapsulant 
passes rigid military specifications. 


which are then stacked to form the module. Twelve 
notches around the periphery of each wafer provide for 
interconnections between elements, and for lead wires 
coming out at one end. The stack is finally encapsulated, 
producing a standard-size square-block module 0-350 in. 
on a side. Component densities of several hundred 
thousand per cubic foot are achieved. Fig. 10 shows 
individual wafer elements, stacked assembly, and the 
encapsulated finished circuit. The elements, in order, are: 
end wafer, ceramic capacitor, electrolytic capacitor, 
resistors, diode, transistor, inductor plus capacitor, and 
end wafer with hole. Epoxide resin Stycast 2651-40 is the 
encapsulant. Kits are available from the Radio Corpora- 
tion of America for manufacturers who wish to design 
their own circuit modules based on ceramic wafer units. 
These contain completed ceramic wafers and_ all 
apparatus required to build circuits by designers of 
space probes and orbital packages, small digital com- 
puters, miniaturized communications equipment, etc. 
Finished units can be produced to meet rigid military 
specifications for moisture resistance, thermal, mech- 
anical, and altitude shock. 
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Television Silver Jubilee 
Isaac Shoenberg and Other Pioneers at E.M.I. Reception 


ELEVISION as we know it is 25 years old this year 

—thanks largely to Isaac Shoenberg and his brilliant 
team of research workers at the Hayes laboratories of 
Electric & Musical Industries Ltd. in the early 1930's. 

To mark this anniversary, the Press was invited to 
meet Mr. Shoenberg and some of his fellow pioneers in 
E.M.I.’s Research Building, where most of the early 
development work was carried out. 

There are now 100 million television receivers all over 
the world and new transmitters are opening every 
month, but in 1936, when the B.B.C. first transmitted 
regular public high-definition television programmes, 
only SO receivers existed. These were lent to employees of 
the few organizations in the television industry, to test 
reception in the London area. 

It is not generally realized that the electronic system of 
television then used was the one developed by Mr. 
Shoenberg and his team. That system forms the basis of 
television as used throughout the world today, and the 
405-line standard, which Shoenberg courageously 
adopted at a time when a much lower number of lines 
was considered to be sufficient, is still used in Britain. 

The first television camera tube, an early camera anda 
1937 television receiver, which showed the picture 
reflected in a mirror in the raised lid, were among several 
interesting items of equipment exhibited during the 
party, and the prototype aerial mast for the one sub- 
sequently erected at Alexandra Palace still stands in the 
grounds adjoining E.M.I.’s Research Building. 

An impressive working demonstration was given of 
E.M.I. Electronics Ltd’s. latest colour television system, 
which is being widely used industrially in this country 
and overseas. 


History of Early Developments 


When Isaac Shoenberg and his team started work on 
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Visitors at the reception inspect the first television camera tubes, 
one of the original B.B.C. cameras used in 1936, and a 1937 receiver. 


television development in 1931, the only kind of tele- 
vision which existed was a crude mechanical system 
operating on 30 lines. Shoenberg decided that, if 
television was to become a public success, a much 
higher definition picture would be necessary and he 
started to tackle the difficult problems involved. 

The first problem arose out of the scanning of a larger 
number of lines. With the mechanical type of scanners of 
that time, a large increase in the number of lines was 
practically impossible, because of the mechanical diffi- 
culties and the excessive amount of illumination that 
would have been required. Campbell-Swinton had indi- 
cated as early as 1908 a possible electronic solution to 


Isaac Shoenberg speaking at the reception. 
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Dr. L. F. Broadway, Director of the E.M.I. Research Laboratory. 


this problem but the means for carrying it out did not 
exist at that time. In 1931 it seemed possible that the 
Campbell-Swinton idea might be put into practice, and 
the E.M.I. team made the attempt. This led to the 
development of the Emitron electronic camera tube. 

Yet another problem arose in connection with the 
receiver. The only possible way of producing a satis- 
factory high-definition picture was to use a cathode-ray 
tube. At that time, the cathode-ray tube was an expen- 
sive specialized tube only found in scientific oscillo- 
scopes. Moreover, it relied upon gas focusing, and, 
remembering the trouble he had had with the early soft 
valves, Shoenberg advocated a hard tube. The outcome 
was a new type of cathode-ray tube with a good focus, 
designed to be capable of mass production at reasonable 
prices, which transformed the laboratory tube into 
something suitable for the home television receiver. 

It was soon clear that high-definition pictures could 
never be transmitted on medium waves because the 
bandwidth required would be too great. It was necessary 
to move to short waves and this aroused much opposi- 
tion because it was argued that the range of the trans- 
mitter would be greatly restricted. Nevertheless, Shoen- 
berg persisted in this policy and enlisted the help of the 
Marconi Company to provide a short wave transmitter. 
‘A transmitter was installed on the top floor of the 
Research Building and the aerial was erected on an 
adjacent mast. Much work had to be done to adapt this 
equipment to make it suitable for radiating high 
definition pictures. 

In addition to these problems, there were many others 
to be solved on the circuit side. The objective was always 
to put the complication into the transmitter as far as 
possible, so that the receivers would be simple and 
therefore cheap and reliable. 

When the complete system was taking shape in 1934/ 
35 and Mr. Shoenberg was giving evidence before the 
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Television Committee appointed by the Postmaster 
General, the time came to finalise the specification for 
the E.M.I. system and in particular settle the number of 
lines in the picture. He finally decided to adopt 405 line 
definition which stretched the transmitter’s capabilities 
to the limit. He realized that the receivers of that time 
could not do full justice to this high-definition standard 
but he thought it best to set a high standard so as to 
leave room for improvements in the receiver for several 
years ahead without the disruption which would be 
involved by a change of line standard. 

The report of the Television Committee was presented 
to Parliament in January 1935. It recommended that a 
television service should be started from London with 
two systems—those of Baird on 240 lines and E.M.I. on 
405 lines (interlaced)—operating alternately from one 
transmitting station. 

This recommendation was adopted and experimental 
public transmissions by. both systems radiated by the 
B.B.C. from Alexandra Palace during the Radio Exhibi- 
tion at Olympia in August 1936. The transmissions were 
then discontinued until October when a series of trial 
programmes was radiated for two hours daily. 

The London Television Service from Alexandra 
Palace was formally opened by the Postmaster General 
on 2nd November, 1936, with a public service for two 
hours daily. The two systems were used during alternate 
weeks. 

On Sth February, 1937, the Postmaster General an- 
nounced that, as a result of the experience gained, the 
Television Advisory Committee recommended that 
henceforth only the E.M.I. system should be used. This 
recommendation was put into effect on 6th February 
and, apart from the interruption during the war years, 
Shoenberg’s system has been used by the B.B.C. ever 
since. 


Isaac Shoenberg 


Isaac Shoenberg, M.I.E.E., is a director of Electric & 
Musical Industries Ltd. and adviser to the E.M.I. 
Board. 

He was born in Pinsk, Russia, in 1880, and studied 
mathematics, mechanical engineering and electricity at 
the Technological Institute of Kiev. 

After taking his degree, he joined a Russian company 
and was responsible for research, design and installation 
of the earliest wireless transmitting stations in Russia. 

In 1914 Mr. Shoenberg settled in England and worked 
for the Marconi Company, becoming a British subject in 
1919. He joined the Columbia Graphophone Company 
as General Manager in 1928 and, when that Company 
merged with the Gramophone Company in 1931 to form 
Electric & Musical Industries Ltd., he became Director 
of Research. 

Mr. Shoenberg led the team of scientists and engineers 
which developed the 405-line electronic television system 
used by the B.B.C. in 1936 for the world’s first regular 
public high-definition television service. 
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TRANSISTORS 


OR VALVES? 


BY G. F. PENVER 


Chief Engineer 
(Instruments Division) 
Advance Gomponents Ltd. 


HEN the transistor was first introduced to 

engineers it was met with the same sort of reserve 
with which one first greets one’s prospective in-laws. 
They were prepared to be open-minded about the device, 
yet were full of suspicion of this new, radically different 
and as yet unproved component. Considering the pro- 
mise offered by the manufacturers, transistors were slow 
starters, but their use gained momentum when engineers 
adapted their thinking. They became familiar with their 
usage, and the earlier promises were quickly realized. 
However, no doubt hypnotized by the degree of minia- 
turization possible and the fantastically low power con- 
sumption of the device, the electronics industry em- 
barked into the glamorous era where the first question 
asked of any new equipment was “Is it transistorized ?”” 
Now the glamour has worn thin, the merits of the 
transistor are in the right perspective and circuit 
designers no longer ask of themselves “Can we use 
transistors?” but ‘“‘Which are better for this application, 
transistors or valves ?” 

The low power consumption of transistors is admir- 
ably suited to battery operated apparatus but batteries 
are the most expensive way of providing electrical power 
(£5 per unit is a conservative estimate). Dry batteries 
have a habit of giving out when most required and re- 
chargeable batteries require an effort of memory on the 
part of the engineer to ensure that his equipment is kept 
at peak performance. With many transistorized instru- 
ments the provision of a pilot lamp demands a higher 
power consumption than the equipment. Some appara- 
tus, which require voltages higher than the battery 
voltage and employ transistor converters, are fitted 
with a flashing neon lamp as the indicator. This has the 
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A Survey of Their 
Relative Merits 
for Electronic 
Instruments 


dual advantage of being very economical in power 
requirements and considerably more obtrusive than the 
conventional pilot lamp. These instruments however, 
are the exception rather than the rule and, in general, all 
instruments tend to remain “‘switched on” when not in 
actual use, to the detriment of batteries. 

There are very few circumstances, with the possible 
exception of Service and G.P.O. applications, where 
battery operation is an absolute necessity and the 
importance of this facility is usually grossly over-rated. 
Battery operation can be, from the instrument manu- 
facturer’s point of view, a matter of economics. The 
provision of a mains supply unit in some simple 
instruments could double the selling price. There is also 
a distinct virtue when battery-operating some instru- 
ments, such as I.f. oscillators and millivoltmeters, in the 
freedom from hum. 

The transistor really comes into its own in computers, 
and such instruments as electronic counters, where 
miniaturization and heat dissipation are conflicting 
requirements. Here, with the multiplicity of dynamic 
circuit elements demanding the highest reliability, it is 
the qualities of ruggedness, freedom from microphony, 
and the potentially longer life of the transistor which are 
most desirable. 

Cost is no longer significant—in most I.f. applications 
the merits tend to be in favour of the transistor, but in 
the high frequency field the transistor has a long way to 
go before it is likely to be preferred to the valve in both 
cost and performance. 

In instrumentation, temperature stability and uni- 
formity of gain from element to element are a good deal 
more important than, say, in broadcast receivers but we 
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find even receiver manufacturers buying transistors in 
matched sets. Special precautions are necessary in both 
fields to preserve temperature stability. If one does not 
wish to select transistors to achieve a certain gain in an 
amplifier it is usually necessary, due to the very wide 
spread in transistor characteristics, to design for the 
worst condition and employ rather more circuit 
elements than would otherwise be necessary. It is also 
necessary to give a very much wider range of adjustment 
than would be necessary with valves. One virtue of the 
transistor well worth mentioning is its improved 
linearity when employed in amplifier circuits; harmonic 
distortion can be kept very low even in single-ended 
circuits. 

If the electronic counter represents the very best usage 
of the transistor, the signal generator could well re- 
present the very worst, unless a hum-free output or low 
harmonic distortion are over-riding factors. The small 
number of valves that the transistors are replacing result 
in a barely noticeable reduction in dimensions unless 
miniaturization with all the other components is also 
carried out. While on this subject, is it broaching too 
controversial a topic to suggest that the reliability thus 
gained on the transistor swings is then lost on the 
component roundabouts ? 


Miniaturization in instruments can be carried too far 
and the front panel of any instrument cannot be reduced 
in area below that of a reasonably readable meter scale 
or frequency dial, and as for the other controls, until 
nature endows us with miniature fingers, these still need 
to be the same size. Also, with increasing circuit 
complexity, they require more coding information—not 
less. Saving in front panel space can be effected for some 
increase in cost, by using drum-type meters and film 
drive frequency scales. Since the meter manufacturers 
appear to have successfully interchanged the needle and 
the scale in the new digital projection indicators, would 
it be reasonable to anticipate a very great saving in front 
panel space by the use of projection meters? 


As every circuit designer knows, transistors require 
power from the input signal while a valve requires a 
voltage only. The loading of the transistor on the fre- 
quency determining networks of, say, an r.c. oscillator 
are a distinct inconvenience in that with the low- 
impedance networks then required, it is necessary to 
employ variable resistors instead of variable capacitors. 
Unless individual frequency calibrations or a special 
accurate variable resistor is employed typical calibration 
accuracy obtained is --3 % instead of the usual +1 °%— 
surely a retrograde step which is hardly outweighed by 
the advantages obtained. 

Obviously the transistor must be considered on its 
merits like any other circuit component and providing 
the ambient temperature is not grossly elevated by the 
use of valves there appears to be no objection to the use 
of both in the same instrument. Indeed, this has been 
seen in some oscilloscope circuits. 


In conclusion it appears that the valve is far from 


defunct, although it is fighting a losing battle, for the 
field effect transistor will undoubtedly take over 
eventually in many of the remaining applications for 
which the valve is currently best suited. 

The last bastion of the valve to succumb will probably 
be in the signal power field. The best feature of the 
transistor is its small size but this, coupled with the 
temperature limitations, makes it a poor choice for 
power applications. The size of the cooling arrange- 
ments necessary leaves room for doubt as to whether any 
miniaturization has been achieved. We are all aware of 
the work that is being carried out on Peltier effect 
cooling devices but in view of the cost, does this parti- 
cular quart have to go into a pint pot? 


* * * 


IMPROVING 
PERFORMANCE OF 
MICROWAVE 
RECEIVERS 
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bandwidth of 100 Mc/s at a 400 Mc/s signal frequency, 
with a pump frequency of 900 Mc/s and a pump power 
of 10 mW. This experimental amplifier has a gain of 
10 dB and a noise figure of only 34 dB. 

A single type of diode can be used to make an 
amplifier for any desired frequency from the high 
microwave region down to d.c. The noise performance 
improves rapidly as the frequency decreases from micro- 
waves down into the u.h.f. region, thus making such an 
amplifier potentially useful for u.h.f. television receivers. 

Interesting aspects of the diode amplifier are its sim- 
plicity and potential reliability. Major components are 
the proper waveguide structures, the diode itself, and a 
suitable pump signal source. It appears that these 
components can be assembled to provide a relatively 
inexpensive device. No refrigeration is required, and no 
magnetic fields are necessary. The low-noise charac- 
teristics can be realized at room temperatures. 

Although the variable capacity effect is present in 
commercial diodes, Bell Laboratories’ scientists have 
developed, under a U.S. Signal Corps contract, special 
diffused silicone diodes to maximize this effect. Series 
resistance, which could be a source of noise, is mini- 
mized in these diodes. Units fabricated by N. G. 
Cranna of Bell Laboratories have an active diameter of 
about 0-002 in. 

The development of the varactor diode amplifier 
holds promise of providing a whole new family of low- 
noise amplifiers for the u.h.f. and microwave frequency 
ranges. These devices will complement the semi- 
conductor diode up-converters, which can also provide 
low-noise amplification. 
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Impact Extrusion of 
Transistor Bases 


By J. S. Waite, B.Eng., G.I.Mech.E. 


Development Engineer, Floform Parts Ltd. 


Floform Parts Ltd., jointly owned by Steel Industries Incorporated of U.S.A. 
and Guest Keen & Nettlefolds Ltd., was established early in 1960 to manufact- 
ure bases for the semiconductor industry. This article describes the design of 
such components, and the manufacturing methods developed and used by, 


Floform Parts Ltd. 


Product Requirements 
7 Fee main requirements of a mounting base for a 
power transistor or semiconductor rectifier are high 
thermal conductivity of the base material, together with 
a high degree of surface flatness and smoothness on 
critical surfaces, particularly the underside. This ensures 
maximum dissipation of heat from the device to the 
chassis on which it is mounted in service. The bases must 
also be manufactured to a high degree of dimensional 
accuracy to enable subsequent mounting and assembly 
operations to be performed on automated equipment. 

The first choice of raw material is normally copper, 
and as many of the bases are annealed during manufac- 
ture or brazed in a reducing atmosphere during assembly, 
oxygen-free high-conductivity copper is usually speci- 
fied; this quality of material eliminates the risk of 
hydrogen embrittlement during any subsequent furnace 
operations. However, the poor machining characteris- 
tics and very high price of o.f.h.c. copper make it un- 
suitable for conventional machining operations because 
it gives very poor tool life, and a large amount of ex- 
pensive material is unavoidably wasted in turning. 

A better way of manufacturing such parts is by cold 
forming, which gives more freedom of shape to the 
designer, greater economy of material, improved surface 
finish to the part and often higher production rates than 
conventional machining operations allow. The advan- 
tages of this method are greatly emphasized in large 
quantity production where the higher initial tool costs 
can be offset against the overall economies made. 


Product Design for Cold Forming 

Cold forming is a term embracing cold heading, 
coining and impact extrusion employed in carefully 
chosen combinations in accordance with the design 
requirements of the particular component. Consultation 
at the design stage between the transistor designer and 
the component supplier is essential to achieve a final 
design which fully satisfies the designer’s requirements 
(and these often include features impossible to obtain 
by conventional machining methods) yet enables 
economical manufacturing methods to be used by the 
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component supplier. Often a fabricated assembly has 
been replaced by a one-piece cold-formed part. Similarly, 
a part which previously needed many machining opera- 
tions can be cold formed in only one operation. How- 
ever, tooling stresses and material flow behaviour can 
set certain limitations on the design of the part, but with 
co-operation at the design stage these can be taken into 
account and unnecessary subsequent operations avoided. 

It is also necessary to agree the manufacturing 
tolerances at the design stage, for these directly affect 
both the cold-forming techniques used and also the life 
and adjustment of the tools. For these reasons manu- 
facturing costs are related to the closeness of the 
tolerances required and although cold formed parts are 
more consistently maintained within the required limits 
than machined parts, tolerances should not be specified 
to closer limits than are really necessary. 


Manufacturing Methods 


Typical examples of production sequences are illus- 
trated. 

Figs. | and 2 show stages in the manufacture of bases 
which have thin flanges for final encapsulation of the 
device. As this operation causes some distortion of the 
flange, two designs are adopted to prevent distortion of 
the base as a whole. The first method is to raise the 
flange from the level of the base; the second is to keep 
the flange at the same level as the base but to provide a 
circumferential groove which accommodates any dis- 
tortion of the flange. The latter gives a more compact 
design but demands a manufacturing method different 
from the former. 

The first manufacturing stage with both types of com- 
ponent is the production of an extrusion blank of the 
correct shape and volume. This can be done by blanking 
from strip or sheet, machining from bars on an auto- 
matic lathe, or cropping from a bar. Whichever method 
is used however, it is necessary to produce a blank with a 
good surface finish and free from any cracks. After 
blanking, the slugs are annealed in a reducing atmos- 
phere in a continuous furnace, before being tumbled in a 
suitable lubricant in readiness for the main cold-forming 
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operation. The amount of lubricant must be carefully 
controlled to avoid undue tool wear, or poor surface 
finish or bad definition due to excess lubricant trapped 
in the die. 

The second stage is the cold-forming operation. The 
component shown in Fig. | involves a backward ex- 
trusion, while that shown in Fig. 2 has been produced by 
a coining or spreading operation. In both cases the tool 
loading is very high (approximately 100 tons/in?) and 
careful tool design is essential to avoid tool breakage, 
particularly where the design of the base incorporates 
such features as a plinth on which the silicon or ger- 
manium crystal is mounted. These features can cause 
very high local stresses in tools. 

After the principle cold-forming operation has been 
performed, subsequent flanging, trimming and piercing 
operations may be required, and it may be necessary to 
counterbore or deburr pierced holes. 

Slightly different methods are used to produce semi- 
conductor rectifier studs. Although small quantities of 
studs can be made by conventional machining methods, 
low material utilization and the poor machineability of 
o.f.h.c. copper make it an expensive process. However, 
where design has been stabilized and larger quantities 
justify the initial expense of extrusion tools, rectifier 
studs may be produced either from wire by cold heading 
(Fig. 3) or by combined forward and backward extrusion 
(Fig. 4). In both cases the thread is then rolled on the 
shank. 

Often it is necessary to braze a steel ring into the head 
of the stud for a projection welding operation at a later 
stage in the manufacture of the rectifier. Brazing would 
then be performed before the thread rolling operation to 


prevent reduction in thread strength by annealing during 
brazing. 

At each stage duiing manufacture careful statistical 
quality control is applied to maintain the high degree of 
accuracy required. Good design of tools and careful 
selection of equipment will minimize random variations, 
but wear and possible failure of tools must be con- 
tinuously guarded against. 


Equipment 

The cold-forming equipment installed at Floform 
Parts Ltd. ranges from 30 ton crank presses for prepara- 
tion of blanks, to 150 ton hydraulic and crank presses 
for coining and extrusion. In addition, a variety of small 
presses of up to 4 tons are used for marking and light 
forming operations. Other equipment includes cold- 
heading machines, thread-rolling machines and pre- 
cision drilling machines with automatic-feed attach- 
ments. A conveyor furnace with ammonia cracker is 
used for annealing and brazing operations in a reducing 
atmosphere. 


Conclusion 

Although Floform Parts Ltd. concentrate their activi- 
ties, at present, on bases and cans for the Semiconductor 
Industry, there are many other components for other 
industries which ‘could be made more efficiently and 
economically by the techniques outlined above. Knowing 
the costs of production by conventional machining 
methods, it is a relatively simple exercise to determine 
whether production is more economical by cold forming, 
taking into account the probable total volume and 
initial tool costs with lower material and conversion 
costs of cold formed parts. 
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CALIBRATION OF WAVEGUIDE 
REFLECTORS 


In the Microwave Frequency Region 


MPEDANCE in microwave circuits is often not 
uniquely defined. However, the behaviour of pro- 
pagating waves can be determined in terms of two waves 
travelling in opposite directions. A wave incident upon 
an arbitrary change in an otherwise uniform trans- 
mission line results in a reflected wave, the relative 
magnitude and phase of which are determined by the 
nature of the change. The ratio of the reflected wave to 
the incident wave at a given reference plane is termed the 
reflection coefficient. The two opposite-travelling waves 
also interfere with each other to form a standing-wave 
pattern. For voltage waves, the ratio of the maximum 
amplitude to minimum amplitude of the standing wave 
is called the voltage-standing-wave-ratio (v.s.w.r.) and is 
linearly related to the voltage reflection coefficient 
magnitude. The calibration system in use at the National 
Bureau of Standards is designed to measure accurately 
the magnitude of the voltage reflection coefficient for the 
dominant mode of propagation. 

Devices designed to effect a standard value of reflec- 
tion coefficient are termed reflectors. They are some- 
times called standard reflections or standard mis- 
matches. Reflectors currently being manufactured for 
rectangular waveguide are generally of the fixed type, 
and a separate reflector is needed for each value of 
reflection coefficient. The reflection is usually ac- 
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A MODIFIED REFLECTOMETER SYSTEM 


Calibration of waveguide reflectors in the microwavé frequency region is 
currently being conducted at the Electronic Calibration Centre of the United 
States National Bureau of Standards’ Radio Standards Laboratory, Boulder, 
Colorado. (WR-90 waveguide size throughout the frequency range 8-2—12-4Gc’s.) 

High accuracy is obtained through the use of a modified reflectometer system. 
The waveguide reflectors are calibrated by comparison with a working standard 
employing a straightforward method that can be adapted for use in other 
standards laboratories. 


Fig. 1. Precision quarter-wavelength short-circuit standards against 
which inter-laboratory standard reflectors are calibrated. 


complished by a change in one of the inside transverse 
dimensions of the waveguide at the plane of the mount- 
ing flange. In most such reflectors, the smaller dimen- 
sion of the waveguide is made to be less than the same 
dimension for a standard size waveguide. The reflector 
contains a low-reflection absorptive element provided 
with means for sliding it along the axis of the waveguide 
to permit the averaging out the reflected signal from the 
absorptive element. A typical set of waveguide reflectors 
for a given waveguide size consists of five reflectors with 
nominal v.s.w.r’s. of 1-05, 1-10, 1-20, 1-35, and 1-50. 
Corresponding reflection coefficient magnitudes are 
approximately 0-025, 0-05, 0-09, 0-15, and 0-20. 

Many standards laboratories maintain a set of 
reflectors for each of the common waveguide sizes. 
These reflectors are used to calibrate microwave 
impedaace measuring iastruments such as slotted lines 
and reflectometers. 

The surface of the waveguide flange of reflectors are 
inspected for flatness and freedom from nicks and 
scratches. Since the reflector must be attached to a 
precision waveguide section incorporated in the calibra- 
tion equipment, such defects might damage the preci- 
sion section and are cause for rejection. If the mounting 
flange surface of the reflector is suitable for connection 
to the calibration equipment, it is checked electrically 
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Fig. 2. N.B.S. staff scientist adjusting a precision variable attenuator 
developed at the Bureau and used to calibrate inter-laboratory 
standard reflectors against working standards. The inter-laboratory 
standard is supported by the laboratory jack at the lower left. 


MICROWAVE IMPEDANCE CALIBRATION IN WR-90 
WAVEGUIDE 


Nominal value 


Accuracy of 
Reflection calibration 
V.S.W.I'. coefficient (%) 
magnitude 


for variations in the reflection coefficient due to the 
following: tee 

1. Rotational movement of the sliding termination. 

2. Transverse movement of the sliding termination. 

3, Variations in successive maxima and/or successive 

minima obtained with the sliding termination. 

4. Instability in positioning the sliding termination 

for a maximum or a minimum. 

5. Variation in reflection coefficient between the two 

possible mounting positions of the reflector. 
Reflectors exhibiting excessive variations in any of the 
above are not usually calibrated. 

Using a modified reflectometer system, the reflection 
coefficient magnitude is determined with reference to the 
Bureau standards. The maximum and minimum reflec- 
tion coefficient magnitudes are measured and the two 
results averaged to obtain the magnitude of the reflec- 
tion coefficient due to the discontinuity at the flange. 
The working standards. currently used are electro- 
formed silver quarter-wave short circuits, the reflection 
coefficient magnitudes of which have been evaluated to 
an accuracy of +0:05 %. 
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TELCON PLASTICS LTD. 
Development of Epoxy Resin Powders 


HERE high electrical insulant properties are 

required, together with resistance to heat as well 
as to moisture and other corrosive elements, the 
development of epoxy resin powders as a dip-coating 
medium continues to be of increasing interest. 

Epoxy powders is one of the newer fields to which 
particular attention is being devoted by Telcon Plastics 
Ltd., a member of the British Insulated Callender’s 
Cables Ltd. group of companies. In April last, Telcon 
Plastics took over the entire range of activities of the 
Plastics Division of The Telegraph Construction & 
Maintenance Co. Ltd., also a member of the BICC 
Group. 

The coating obtained by epoxy resin powders has all 
the outstanding protective qualities of epoxies as applied 
by well-proved techniques. Among the advantages con- 
veyed by fluidized bed powder coating as a method of 
application are speed and low wastage. One of the 
spheres in which the properties of epoxy resins are most 
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advantageous is that of the coating of electrical and 
electronic apparatus, notably in the insulation of 
stators and other components of motors. 

The ideal dip-coating medium combines toughness, 
good appearance, a high degree of chemical resistance, 
good electrical insulating properties, and the ability to 
withstand very high temperatures. Thermoplastics fulfil 
most of these requirements, but for resistance to really 
high temperatures it is necessary to consider thermo- 
setting materials, and it is in this direction that the most 
interesting achievements may be anticipated. 

Telcon Plastics Ltd. manufacture and develop all the 
plastic products with which the name Telcon has long 
been associated—the plastics coating of papers; mould- 
ings and tubing; processed gutta-percha and balata: 
plastics powders for dip-coating and other applications; 
sheeting for vacuum forming and fabrication, and 
coated materials and laminates for use in specialized 
packaging. 
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Supplement to 
BUYERS’ GUIDE 


The following are additional entries and some correc- 
tions to the Buyers’ Guide included in the May issue of 
Radio & Electronic Components. 


ANCILLARY DEVELOPMENTS LTD., 
Ancilco Works, Surrey Avenue, Camberley, 
Surrey. Tel.: Camberley 3443. 


Products 


Potentiometers 
helical 
linear 
logarithmic 
low torque 
precision 
pre-set 
sine-cosine 
sub-miniature 
trimmer 


Resistors, Variable 
sub-miniature 
wire wound 


CLARKE, H., & CO. (MANCHESTER) 
LTD., Atlas Works, Patricroft, Nr. Man- 
chester. Tel.: Eccles 530]. 


Products 
Board, Resin Bonded 
Bobbins 


Cores 
C-type 
E-type 


Extrusions 
plastic 


Formers, Coil 
Group Boards 


Insulating Materials 
fabric 
glass 
glass bonded mica 
laminated 
mica 
nylon 
paper 
plastic 
rubber 
silicone 


Laminates 
asbestos 
copperclad 
corrugated 
glass fibre reinforced 
silicon-glass 


Mouldings 
fibreglass 
glass 
glass bonded mica 
nylon 
plastic 
rubber 


Mounting Strips 


Plastic Materials 
nylon 
polystyrene 
polytetrafluorethylene (P.T.F.E.) 
Plugs and Sockets 
printed circuit 


Printed Circuits 
Sleeving, Insulated 


Stampings 
fibre 
metal 
plastic 
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ADDITIONAL ENTRIES 


Tapes 
glass fibre 
insulating 


Terminal Blocks 
Terminal Strips 


ELLIOTT BROTHERS (LONDON) 
LTD., Elstree Way, Borehamwood, Herts. 
Tel.: Elstree 2040. 


Products 


Attenuators 
decade 
radio frequency 
variable 
very high frequency 


Connectors 
co-axial 
radio frequency 
Digitisers 
Filters 
band pass 
high pass 
low pass 
microwave 
octave 


Microwave Components 
attenuators 
attenuators, variable 
bends 
cavities 
couplings 
crystal holders 
directional couplers 
duplexers 
filters 
flanges 
horns 
hybrid tees 
isolators 
matched loads, high power 
matched loads, low power 
mixers 
short circuits 
standing wave detectors 
switches 


Plugs and Sockets 
co-axial 


Switches 
co-axial 


Transducers 


Valves 7 
klystrons 


PALMER, G. A. STANLEY, LTD., Max- 


well House, Arundel Street, London 
W.C.2. Tel.: Temple Bar 3721. 
Products 


Accumulators, Hermetically Sealed 


Resistors, Fixed 
carbon, high stability 
carbon, sub-miniature 
wire wound, precision 


TELCON METALS LTD., Manor Royal, 
Crawley, Sussex. Tel.: Crawley 1560. 


Products 


Alloys 
glass sealing 
magnetic 
resistance 


Beryllium copper products 
Bimetals 


Cans 
screening 


Cores 
C-type 
E-type 
magnetic powder 
strip wound 
toroidal 


Laminations 
non-ferrous metals 
ferrous metals 


Powders, Magnetic 
Shields, Magnetic 


Tapes 
resistance 

Wire 
copper-manganese alloy 
copper-nickel alloy 
nickel 
nickel-chromium 
stainless steel 


CORRECTIONS 


The following name and address of an associated com- 
pany of G. A. Stanley Palmer Ltd. should be added to 
the address section: DEAC (GT. BRITAIN) LTD., Altona 
Way, Buckingham Avenue, Trading Estate, Slough, 


Bucks. 


Hayes Radio Ltd., in the address and classified sections 
should read Haynes Radio Ltd. 


Westhouse Brake and Signal Co. Ltd., in the address 
section should read Westinghouse Brake and Signal Co. 


eds 
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WOE 2 IUCr TUPLITer PIO ilar 


Unbrako high-performance 
socket head cap screws 
are made in a vast range 
of sizes and threads to 
cover every need. 

A descriptive brochure is 
yours for the asking. 


UNBRAKO SOCKET SCREW 


ALSO MAKERS OF: CAP SCREWS 
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BUTTON HEAD SOCKET 
SET SCREWS + SHOULDER SCREWS - SQUARE HEAD SET SCREWS 


Performance 
is measured 


by 3 
true dimensions 


Research, craftsmanship and rigorous 
control combine to make Unbrako screws 
the world’s safest, each produced with that 
unerring dimensional accuracy which 
ensures unfailing performance. 
Dimensional accuracy includes the 
dimension which can only be measured in 
retrospect. The dimension of in-built 
performance. Millions of Unbrako screws 
have been proving this for years. 


UN BRAK O 


LTD COVENTRY TEL: 894717 
yield hohe SCREWS PRESSURE P : 
BOLTS T NUTS - SEL-LOK - STAINLESS STEEL AND COLLARS 
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DIO K ELECTRONIC 
| COMPONENTS 


ERVICE DE RENSEIGNEMENTS 
POUR NOS LECTEURS 


wus désirez obtenir des renseigne- 
‘s complémentaires sur tout 
le figurant dans les pages d’an- 
es ou éditoriales, veuillez in- 
2 le numéro de référence cor- 
yndant dans un des espaces 
yués REC sur les cartes ci-contre. 
icher la carte et l’adresser a 
o and Electronic Components. 
affranchissement n’est requis en 
ade-Bretagne ou en Irlande du 
d, mais tous nos lecteurs de 
anger devront affranchir leur 
> au tarif habituel. 


USKUNFTSDIENST FUR LESER 


3 Sie an weiteren Einzelheiten 
s in den Anzeigen oder im 
Ktionellen Teil angefiihrten Arti- 

interessiert sein sollten, so 
en Sie bitte das betreffende 
igszeichen in eine der mit ‘REC’ 
fichneten Spalten der nebenste- 
Jen Karte eintragen. Die Karte 
Jann abzutrennen und an Radio 
Electrical Components zu senden, 
Srossbritannien und Nordirland 
Freimachen nicht ertorderlich, 
ul aber bei Aufgabe im Ausiand. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 


Vd. deseara conseguir datos 
sionales en respecto de cualquier 
culo mencionado en el editorial o 
las paginas de anuncios, sirvase 
ibir el numero de referencia 
espondiente en uno de los es- 
ios marcados ‘REC’ en las tar- 
s adyacentes. Retire la tarjeta y 
iela a Radio and Electronic Com- 
ents. No hay necesidad de fran- 
o en la Gran Bretafia o Irlanda 
tentrional, pero todos los lectores 
el extranjero deben franquear la 
eta con los sellos del valor 


VUndopmayun AA 4nTaTeneit 


m Bam noHayoOaTacaA Kakue HHOyTb 
OJHUTeCIbHBIe FaHHHe Ha 1060 
SIbHH =8mpeyqMeT ykKasaHHHii B 
WaMax WIM B CTaTbAx, mpocum Bac 
CaTb COOTBETCTBCHHHM cupaBouHHi 
ep, TaM re mMomeyeHo REC, wa 
MHIKaloimux KapTouKax. Oropsute 
HAapTOUKY M NommuTe nourol ua 
ec Radio and Electronic Components. 
aTenAmM B BenwKoOputanuu u Ce- 
HO Wpnanquu ouTOBHIX MapoK 
Haflo KuIeHTb, HO BCe sarpaHM4HEle 
ATCIH JOIKHLI KIeCMTh MaPKM Dpa- 
bHOH cTOMMOCTH, 


Decade)Resistance Box 


The decade resistor box Type RD2, manu- 
factured by Lionmount & Co. Ltd., is a 
switched unit covering the range 1 © to 
10,000 Q with four dials. 


Decade resistance box. 


It has been designed for use primarily in 
development laboratories and technical col- 
leges where medium accuracy is required, 
and where low price, robustness and con- 
venience are important considerations. 

Of very modest cost compared with other 
units, it is felt that every electronic engineer 
carrying out experimental work will wel- 
come this addition to his development tools, 
whereby the resistance required in a parti- 
cular circuit can be determined in a matter 
of seconds. Also, its accuracy and con- 
struction is such that with a few other 
resistors, it can be easily used as the variable 
in a variety of bridge networks up to audio 
frequencies. 

The resistors are non-inductively wire 
wound with a copper-nickel alloy, and have 
been temperature stabilized. The maximum 
current marking on each decade, 600, 200, 
60 and 20 mA., indicates the maximum con- 
tinuous current permitted, but this value 
may be exceeded by 50% for short periods. 

The accuracy of adjustment is better than 
0:2% at 20°C, except for the lowest decade 
for which it is 1%. 

Well-tried conventional switches having a 
minimum contact resistance of less than 
6 mQ are used, and these will give an 
extremely long life providing that the decade 
box is used with non-reactive circuitry. 

The instrument is of rigid construction, 
having a solid mahogany case with a 3 in. 
thick stove enamelled front panel. The con- 
trol knobs have been chosen. for ease of 
manipulation and they traverse markings of 
clear large white figures. An internal 
aluminium liner is fitted which makes con- 
tact with the front panel, and this provides 
totally-enclosed screenings for the switches. 

REC 101 for further details. 
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NEW COMPONENTS 


Adjustable Pot Cores 


The Plessey Co. Ltd. announces the intro- 
duction of a range of ‘‘Ferramic T” adjust- 
able pot-core assemblies from its Chemical 
and Metallurgical Division at Towcester. 

The range, with diameters of 14, 18, 22 
and 26 mm., is available in a series of 
standard effective permeability values of 63, 
100, 160 and 220. The adjustment range is 
dependent on the gap size: a range of at 
least 14% of the mean inductance is 
achieved using a core with an effective 
permeability value of 100. 

The smaller units are equipped with a 
six-pin base and bayonet fitting metal con- 
tainer, for use with a standard 0-1 in. grid 


at 


& 


Adjustable pot cores. 


printed board. The base also contains two 
fixing holes which are aligned with standard 
valve saddle fixing holes providing a con- 
venient alternative chassis mounting. 

Metal plate clamping assemblies are 
available for the 26 mm. adjustable cores. 
Tapped bushes in the lower plate permit 
simple and rapid assembly. Either four-pin 
side or eight-pin top mounting boards are 
available, the latter being so spaced on a 
0-1 in. grid that printed board mounting 
may be utilized. All the associated adjust- 
ment systems are contained within the 
height of the pot cores. 

Close control of the manufacturing pro- 
cesses and the use of hyperpurity raw 
materials have resulted in a range of high- 
grade ferrites covering a frequency spectrum 
1 kc/s to 2 Mc/s. The material characteristics 
include high initial permeability, very low 
losses and a close tolerance of temperature 
coefficient. 

REC 102 for further details. 


Power Transistors for V.H.F. 


Motorola Semiconductor Products have 
now available, through Walmore Electronics 
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Ltd., a series of four mesa power transistors 
for v.h.f. applications up to 250 Mc/s. The 
dissipation is 3 W, Typical performance is 
0-5 W output at 160 Mc/s with 8 dB gain, 
and the type numbers are 2N1561, 2N1562, 
2N1692, 2N1693. 

REC 103 for further details. 


Fractional Horse-power Motors 


Recently introduced by Comtex Ltd. is the 
first of a new range of fractional horse- 
power motors of advanced design giving a 
wide range of torque and output speeds. 
These are manufactured to Class “E” B.S. 
2757 (which allows a temperature-rise of 65° 
above ambient), and are known as the GL8 
(motor only), GL9 (motor with single 
reduction gearbox), and GL10 (motor with 
double-reduction gearbox). They are avail- 
able for single- and three-phase supplies and 
for various voltages thus: 

1/30 h.p. at 1,400 r.p.m. (nominal) 50 or 
60 c/s, single-phase 100/110 V, 200/220 V, 
230/250 V, and three-phase 400/440 V. 

All motors, both induction and com- 
mutator type, are supplied as standard for 
reversing, and at no extra cost, a new design 
of capacitor can be fitted to the rear end of 
these motors to make compact, self-con- 
tained units—or alternatively the capacitor 


“Comtex” 1/30 h.p. motor with  single- 
reduction gearbox, showing the built-in 
capacitor. 


can be separately mounted in the usual way. 
They are easily mounted by foot or flange, 
and are suitable for running in any position, 
base holes being elongated for final adjust- 
ments. The gearboxes can be turned to 
bring the output shaft into a variety of 
positions to suit the job on hand, and 
practically any final output speed can be 
supplied. 
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All the shafts are ground to a fine limit, 
and ball journals or plain bearings can be 
fitted in all frames without dimensional 
alterations. Unless otherwise specified, all 
geared units have a ball thrust-journal at the 
gearbox end. All the bearings are pre- 
lubricated, giving long, trouble-free life, and 
the grease used in the gearboxes has been 
chosen to give a low-viscosity coefficient. 

“Encapsulated” windings will be avail- 
able in addition to the normal Class “E” 
B.S. 2757, rendering them impervious to 
attack by moisture, oil, and most chemicals. 
Thus, an open drip-proof motor ‘“‘encap- 
sulated”’ in this way can often be used in 
place of a totally-enclosed frame, obviating 
the need for a larger unit. 

Each unit is tested electrically and 
mechanically at every stage of manufacture 
and carries a 12-month guarantee. All the 
rotating parts are statically and dynamically 
balanced electronically, using the most 
up-to-date machine specially developed for 
this purpose. Basically, this machine gives 
an Output signal, amplifies and feeds it to a 
meter indicating the amount of imbalance, 
the angular position of this imbalance being 
indicated by a stroboscopic lamp. 

REC 104 for further details. 


Dual Zone Temperature Controller 


A new mercury-in-steel, on-off temperature 
controller (Type 1039), which has indepen- 
dent circuits allowing control at any two 
points through one instrument, has been 
produced by the British Rototherm Co. Ltd. 

Each of the two controller circuits con- 
sists of alloy steel Bourdon tubes, capillaries 
and temperature sensitive bulbs, operating 
mercury switches rated up to 30 A at 
230/250 a.c. The differential is fixed but 
varies according to switching capacity. 

Indicator lamps and bottom entry elec- 
trical conduit are standard. Temperature 
ranges are available between minus 20°F and 
plus 1,000°F (minimum coverage 100°F) and 
the equivalent °C. 

The case is aluminium alloy and the 
standard capillaries 10 ft. copper sheathed 
with mild steel bulbs screwed # in. B.S.P. 

REC 105 for further details. 


RCA Components 


A number of new RCA components are 
now available from RCA (Great Britain) 
Ltd. These are as follows: 


Improved power triode. The RCA-5762-A is 
a new forced-air-cooled power triode for 
v.h.f. service television and c.w. application, 
unilaterally interchangeable with the 5762/ 
6C24, having improved qualities for f.m. 
applications and increased ratings. It has a 
maximum plate dissipation of 4 kW and is 
rated for operation up to 220 Mc/s. The 
5762-A retains the radiator for low blower 
requirements; the thoriated tungsten fila- 
ment for economical power consumption; 
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and complete shielding between filament 
leads and plate, low grid-to-plate capacit- 
ance, and high perveance for use in 
grounded-grid circuits to provide stable 
triode performance at high frequencies. In 
broadband television service at 216 Mc/s, it 
can deliver a synchronizing-level power 
output of 6:35 kW when supplied by a 
driving power of 0:98 kW. 
REC 106 for further details. 


Premium germanium transistor. Designed 
for computer switching applications, this is 


the 3907/2N404 premium, certified reli- ° 


ability version of the industry preferred 
2N404. It provides, for what is said to be the 
first time, completely documented reli- 
ability and lot-acceptance data in each 
shipment. 

REC 107 for further details. 


150-W silicon power transistors. These are 
the Types 2N2015 and 2N2016 silicon n-p-n 
power transistors providing extremely low 
saturation resistance and power dissipation 
up to 150 W, and designed for operation at 
case temperatures ranging from —65°C to 
+200°C. They are particularly useful in 
power switching circuits such as those 
employed in d.c.-to-d.c. converters, in- 
verters, choppers, and relay control equip- 
ment; as well as oscillator, regulator, and 
pulse-amplifier circuits together with class A 
or class B push-pull amplifiers for a.f. and 
servo applications. These new transistors, 
formerly known by their developmental 
numbers TA-1884 and TA-1884-a respec- 


tively, now offer circuit designers a replace- 


ment for germanium transistors of compar- 
able power ratings. 
REC 108 for further details. 


Multiplier phototube. The RCA-8054 is a 
3 in. diameter, 10-stage head-on type 
multiplier phototube specifically designed 
for scintillation counting. Some of its 
features are: improved cathode sensitivity to 
blue light, low dark current, relative in- 
sensitivity to external magnetic fields and 
non-critical adjustment of interstage volt- 
ages. Rating and performance characteris- 
tics are measured with a light source having 
a spectral distribution closely matching that 
of typical scintillators. Design features 
include a semi-transparent photocathode 
having a minimum diameter of 2°59 in., a 
first dynode having a large area; a flat 
window to facilitate the mounting of flat 
phosphor crystals, and 10-dynode (second- 
ary emitter) stages. The 8054 is the com- 
mercial designation for the developmental 
Type C-70030. 
REC 109 for further details. 


Silicon rectifier. JAN-1N547 is a military 
version of the Type 1N547 diffused-junction 
silicon rectifier and meets the requirements 
of military specification MIL-E-1/1083A. In 
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addition to the JAN-1N547 silicon rectifier, 
the JAN-1N538 and JAN-1N540 are also 
available. 

REC 110 for further details. 


12-A silicon rectifiers. Fourteen new silicon 
rectifiers have been introduced to replace all 
corresponding prototypes and are designed 
to meet the stringent environmental and 
mechanical requirements of critical power 
supply applications. The type numbers are 
1N1199-A, 1N1200-A, 1N1202-A, 1N1203- 
A, 1N1204-A, 1N1205-A, and 1N1206-A. 
Reverse polarity versions of these devices 
are available. 
REC 111 for further details. 


Novar tubes. These are the Types 6AY3, 
17AY3 and 7868 halfwave vacuum rectifier 
tubes, designed for use as damper diodes in 
the horizontal deflection circuits of tele- 
vision receivers. 

REC 112 for further details. 


Sistaclips 


Jermyn Industries has now extended its 
range of transistor clips to include the 
JEDEC TOS5 and the JEDEC TO18. The 


‘range is as follows: 


Sistaclip TO1-56-CP. Holds diameters from 
0-189 in. to 0-250 in. including the OC44 to 
the OC201, etc. 

REC 113 for further details. 


Sistaclip TO1-256-CP. Half length version 
of the TO1-56-CP. Particularly suitable for 
the Ferranti diode ZS10A. 

REC 114 for further details. 


Sistaclip TOS-26-CP. Holds diameters from 
0-305 in. to 0-358 in. including the Mullard 
OC170 and the JEDEC TOS. 

REC 115 for further details. 


Sistaclip TO5-36L-CP. Similar to the TOS5- 
26-CP but fitted with an_anti-rotation lug. 
REC 116 for further details. 


Sistaclip TO18-256-CP. Holds. diameters 
from 0-150 in. to 0-200 in. Designed to hold 
the JEDEC TO18 transistors. 

REC 117 for further details. 


Sistaclip TO18-56-CP. Double-length ver- 

sion of TO18-256-CP. Suitable for two 

tunnel diodes in the JEDEC TO18 case. 
REC 118 for further details. 


Sistaclip TOS-38L-CP. Similar to TO5-26- 
CP but fitted with an anti-rotation lug and 
made of 0-008 in. beryllium-copper. 

REC 119 for further details, 


Sub-miniature valve clip. Holds valves 
nominally 0:4 in. in diameter. 
REC 120 for further details. 
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Cannon Plugs 


The following are selections from the 1961 
range of Cannon plugs manufactured by 


Cannon Electric 


(Great 


Britain) Ltd. 


Details of each type are: 


D-subminiatures with Crimp Snap-in Contacts 


WN 


INN 


oo 


. Mates with original D-subminiatures 
. Insulators—monobloc construction for 


crimp snap-in contacts 


. Contact—designed to MS 3190 

. Cadmium plate with gold iridite finish 

. Five shell sizes 

. Insert arrangements with 9, 15, 25, 37, 50 


contacts 


. Accessories availab!e—junction shells, 


potting cups, etc. 
REC 121 for further details. 


Environmental D-subminiature 


. Subminiature rack and panel 
. High altitude sealed applications 
. Has internal peripheral seal that allows 


plug to be partially disengaged (4 in.) and 
still maintain seal 


. Insulator is monobloc construction 

. Has crimp snap-in contacts to MS 3190 
. Built-in potting cups / 
. Insert arrangements with 9, 15, 25, 26, 37, 


50 contacts 


. Six shell sizes 


REC 122 for further details. 


D-subminiatures with Snap-in Coaxial Inserts 


Ba WNe 


Nn 


ie et 


bo 


in Combination with Contacts 


. Mates with all D-subminiatures 

. Monobloc insulators 

. Crimp snap-in coaxial contacts 

. Available with snap-in high voltage con- 


tacts 


. Combination layouts up to 4 coaxial in- 


serts with up to 25 contacts. 
REC 123 for further details. 


DPAM (DPA with Snap-in Contacts) 


. Mates with standard DPA plugs 
. Monobloc insulators for crimp snap-in 


contacts 
Contacts—designed to MS 3190 


. Available with snap-in coaxial inserts 


REC 124 for further details. 


DPXM/DPDM (DPX and DPD Plugs with 


1. 
2 


3: 
4. 
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Snap-in Contacts 


Mates with standard DPX and DPD 
plugs 

Monobloc insulators to accept crimp 
snap-in contacts 

Contacts—designed to MS 3190 
Available with snap-in coaxial inserts 
REC 125 for further details. 


Wn 


Dual Rack/Panel Plug-DPX2-( )-33A and 


DPX 2-( )-34A (ARINC) 


. Meets ARINC standards for air trans- 
port equipment cases and racking 

. 99 alternate positions 

. Up to 114, #20 contacts plus other 
insert arrangements containing coaxial 
and high-voltage contact combinations 

. Overall dimensions—only 2 in. x 3} in. 


wal 


_ 


WN 


nN 


ON 


Environmental D-subminiature. 


. Certain insert arrangements are now 


available with crimp snap-in contacts to 
MS 3190 
REC 126 for further details. 


TM (Miniature Twinax Plugs) 


. Miniature Twinax plugs used with RG- 


108A/U shielded twin-wire cable 


. Can be used as a two-wire plug 


Diallyl phthalate insulator assemblies 
can be reversed in plug and receptacle for 
polarization 


. Improved clamping method for braid 


insures grounding under vibration 


. Cable and insert are retained to prevent 


rotation : 


. Operation voltage—250 V a.c.at74A 


REC 127 for further details. 


RX (MS-R Type) Plugs with Crimp Snap-in 


. Exceeds 


Contacts 


applicable requirements 


MIL-C-5015 


. Continuous sealing feature affords sup- 


erior high altitude, air leakage and mois- 
ture resistance performance 


. Has crimp snap-in removable contacts 


conforming to MS 3190 


. Incorporates new 


RX(MS-R Type) plug. 


two-shore resilient 
insulators moulded into one homo- 
geneous unit for reliable, continuous seal 
and contact retention 


. Now “sleeved”? socket contact (Probe- 


proof) 


REC 128 for further details. 


of | 


KPT/KSP Miniature Plug 


1. Miniature plug for aircraft, missile and 
general purpose requirements 

2. Designed to MIL-C-26482; 6 service 
types 

3. Has standard solder cup contacts and 
available with crimp, snap-in contacts 
(Type MIL-C-26636) 

4. Crimp version exceeds specification— 
meets altitude-immersion, air leakage and 
moisture resistance tests 


| 5. Interchangeable and mates with all 


plugs (bayonet lock type) to MIL-C- 
26482 

6. Removable contact design incorporates 
new two-shore resilient insulators mould- 
ed homogeneously into one unit for 
reliable seal sid conte retention 
REC 129 for further details. 


KM (Mark IT) Miniature Circular Plug 


1. Mates with standard KM Plugs 

2. Has threaded endbells to more easily 
compress the sealing grommet 

3. Grommet and insulator are bonded to- 
gether to insure a more positive seal 

4. Crimp snap-in contacts to MS 3190 
REC 130 for further details. 


Cellulose Acetate Electrical Tape 


Paynes Jiffytape Ltd. are marketing a low 
cost cellulose acetate electrical tape which 
has been produced to meet specific require- 
ments in the electronic and electrical 
engineering industries. It is claimed that the 
tape can withstand a working temperature 
of 130°C without any loss of its insulation 
properties and is suitable for many of the 
drying-out procedures used during coil 
manufacture. 

It is based on a pure transparent cellulose 
acetate. The key-coated film is coated with 
an electrical grade adhesive which has been 
processed to ensure that the tape maintains 
a high resistance to corrosive substances. 

A particular advantage is the easy un- 
wind properties which makes dispensing and 
stripping a simple matter and also reduce 
the risk of breakage—a common fault with 


- | many other types of acetate film. 


This tape has been used with success in 
the manufacture of coils constructed of 


| extremely fine wires where absence from 


corrosive substances, thinness, moisture and 
high insulation resistance are of the utmost 


/ importance. 


Though polyester silicone and polyester 


| thermosetting tapes fulfil many of the 


functions of cellulose acetate electrical tape, 
their use is often limited because of the high 
cost of raw materials. For this reason, it is 
anticipated that tapes made from cellulose 
acetate will be welcomed by many manu- 


| facturers. 
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REC 131 for further details. 
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RF. and Switching Transistors 


The GET88/89 range of r.f. and switching 
transistors, mounted in the JEDEC TO-5 
can, is now available from the G.E.C. 
Semiconductor Division. This range is 
produced on a completely new, mechanised, 
line and as a result prices are very low. The 
GET88/89 range is already cheaper than the 
GET87 series from which it is developed and 
which has been in production for several 
years. 

The GET88/89 range of germanium 
p-n-p alloy transistors is divided into three 
Brief specifications 


RADIO RECEIVER TRANSISTORS 


GET883 
GET884 


i.f. amplifier 
Mixer 


fibre insulated cable for use as a light fitting 
connection. This is an addition to their 
existing range of miscellaneous cables. 

The new cable, which is suitable for 250 V 
operation, is specially designed to function 
at the high temperatures likely to be en- 
countered in contemporary lighting fixtures 
used for illumination in modern office 
blocks, large stores and in enclosed show 
cases. 

In its natural state, the glass-fibre used for 
the insulation—treated with a suitable form 
of varnish binder and filler—will not burn or 


carry flame. Should the cable be subjected to , 


an external source of heat, with tempera- 
tures of up to 180°C, the insulation and 
conductor remain intact, permitting a con- 
tinued flow of electricity. 

REC 133 for further details. 


SWITCHING TRANSISTORS 


Vis (maz) (V) 


=115) 
SAl5 
alls) 
—20 
—20 


GET881 
GET882 
GET883 
GET891 
GET892 


RF AMPLIFIER TRANSISTORS 


Vis (maz) (V) 


ils) 
S18) 
1/5) 
115) 
= iS 


*GET880 
GET887 


GET888 
GET889 
GET890 


Typical h,, Min. fo, (Mc/s) 
45 3°5 

65 7:5 

90 15 

45 ae) 

65 TPS) 


Ay. range Min. f (Mc/s) 


50—100 
50—100 
100—200 
50—100 
100—200 


* Low noise transistor; maximum noise factor (1 kc/s): 5 dB. 


groups—for use in switching circuits, radio 
frequency amplifier and oscillator applica- 
tions, and radio receivers. Its main advant- 
ages are as follows: 

By virtue of their low price, these tran- 
sistors can economically be used in audio 
and i.f. circuits as wellas r.f. 

Device outlines are internationally stand- 
ard and conform to K1007, V.A.S.C.A. and 
I.E.C. specifications. 

Electrical interchangeability with well- 
known GET87 series. 20 V ratings are avail- 
able. 

Controlled gain range—2:1 spread on rf. 
types simplifies circuit design. 

All types are of similar construction, 
being enclosed in a standard JEDEC TO-5 
case, and have a common power dissipation 
rating of 100 mW at 25°C derating to zero at 
S5rC: 

An advance data sheet is available. 

REC 132 for further details. 


Glass-fibre Insulated Flexible Cable 


British Insulated Callender’s Cables Ltd. 
announce the availability of a flexible glass- 


690 


Frame-grid Valve for Television 
Tuners 


A new frame-grid triode introduced by 
Mullard Ltd. enables the design of simpler 
less expensive r.f. amplifier circuits in 
television tuners. 

The new valve, Type PC97, can be used 
instead of the double-triode commonly 
employed in television r.f. amplifiers. This is 
made possible by its exceptionally low 
anode-to-grid capacity of 0-5 pF—achieved 
by the introduction of earthed shielding 
plates between the grid backbones and the 
anode. 

The noise factor of an r.f. stage using the 
PC97 is of the same order as that of a 
double-triode cascode stage. The gain will 
be somewhat lower but in television tuners 
high gain is not always an advantage, and it 
if often more satisfactory to increase the i.f. 
sensitivity of the receiver. 

Another feature of the PC97 is the special 
arrangement of the cathode leads and the 
provision of two cathode pins, which 
reduces the cathode lead inductance and 
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gives good input damping. 

The valve has a mutual conductance of 
13 mA/V at an anode current of 11 mA. 
Changing the bias from —1 V to —5 V 
reduces the mutual conductance 100:1. 

Maximum physical dimensions of the 
valve, which has a B7G base, are 47:5 mm 
seated heightx19 mm diam., and the 
heater is rated at 4:5 V, 300 mA. 

REC 134 for further details. 


Long-life Thyratrons 


The English Electric Valve Co. Ltd. has 
introduced two new hydrogen thyratrons, 
CX1140 and FX297 for applications in 
radar transmitters, linear accelerators and 
other pulse-switching equipments. The 
CX1140 is designed for use as a pulse 
modulator switch and the FX297 as an 
inverse diode. Both valves have a new 
design of hydrogen reservoir which is 
electrically in series with the heater and 
which enables the correct hydrogen pressure 
to be maintained. With this system an 
auxiliary controlled reservoir supply is 
therefore not required, and a considerable 
increase in the operating life of the thyra- 
trons is achieved. The other characteristics 
are in no way inferior to the earlier range of 


» non-reservoir tubes. 


The CX1140 is a tetrode, with low pulse- 
to-pulse jitter and low anode delay time 
drift characteristics and by virtue of its good 
recovery time is suitable for use at high 
pulse-repetition rates. The precise triggering 
associated with this tetrode enables it to be 
used in parallel for switching high powers. 
It may also be used for switching long 
pulses provided the mean -current is not 
exceeded. The CX1140 is a direct replace- 
ment for the well-known CX1119 but has an 
improved heating factor of 9x10®° VA 
p.p.s. and a longer operating life introduced 
by the reservoir. 


CX 1140 and FX297 hydrogen thyratrons. 


The FX297 has a long recovery time and is 
therefore suitable for use as a triggered 
inverse diode (backwash diode) in high- 
power long-pulse length modulators. Trig- 
gering may be achieved by the use of an 
insulated toroidal pulse transformer in the 
anode circuit of the pulse modulator switch 
tube. Since the FX297 has to hold-off an 
inverse voltage the necessary low gas pres- 
sure can only be maintained throughout life 
at the correct level by means of the hydrogen 
reservoir. 

REC 135 for further details. 


SEPTEMBER 196] 


Quadrupole Amplifier 


The English Electric Valve Co. Ltd., 
announces the introduction of a 400 Mc/s 
quadrupole amplifier (“Adler tube’’) for use 
in applications where a very low noise 
figure is a necessity. The tube is packaged 
with a focusing solenoid and may be sup- 
plied complete with an associated power 
supply unit if required. With the addition of 
the new tube the English Electric range of 
quadrupole amplifiers now comprises the 


the N1037 600 Mc/s tube, and the N1044. 
The N1044 is a transverse field device in 
which an electron beam interacts with an r.f. 


beam. 


protection to any following stages. Circuit 
paralysis or recovery time is extremely short, 
following the application of an excessive 
input-signal overload. 


A 400 Mc/s quadrupole amplifier on test in 
the laboratories of the English Electric Valve 
Co. Ltd., Chelmsford. The associated power 
unit is also shown. 


A gain of 20 dB is available with a band- 
width, to 3 dB gain points, of 50 Mc/s. The 
noise figure is less than 2 dB over a band- 
width of at least 25 Mc/s and the tube has a 
saturation output power of 50 uW. The 
centre frequency of the N1044 is 408 Mc/s 
and the tube operates with a magnetic 
focusing field of 147 Gauss. 

The power unit provides a d.c. current 
stabilized supply for the solenoid, d.c. 


supplies for the tube electrodes and the r-f. | 


pump power. Metering facilities are pro- 
vided on the front panel to enable the tube 
beam current, cathode current, structure 
current and the electrode voltages to be 


measured. Controls enabling the pump level | 
and pump frequency to be adjusted over set | 


limits are also brought out to the front panel. 


The inclusion of the power supply unit | 


means that by making suitable mains input 
power supply and signal connections the 


eguipment may be permanently or tem- | 
porarily included in new or existing designs | 
as a low noise amplifier. Applications of | 


quadrupole amplifiers include radar head 
amplifiers, input circuits for radio astronomy 
and tropospheric scatter communications 
systems and if. amplifiers for millimetre 
equipment. 

REC 136 for further details. 
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Computer Tape Unit 


| The Type 4000 computer magnetic tape 


transport introduced by Decca Radar Ltd. 
can be employed with any digital computer, 
and is claimed to be the most advanced 
computer tape unit available in the world. 

The Type 4000 follows the Type 3000 
twin-tape unit which has been designed for 
operation with the new generation of high- 
speed computers now coming into service in 


ner | the industrial, technical and scientific field. 
N1036 for operation in the 200 Mc/s region, 


Outstanding features of the new Decca 
equipment are complete absence of com- 
puter programme restrictions, quietness in 


| operation, the provision of automatic load- 
field transverse to the normal path of the | 


ing and unloading routines, simplicity in 


: | design and operation, and the absence of 
Under large input signal conditions the | 
tube is cut-off and this affords complete | 


maintenance adjustments. Wide margins of 
performance and continuous rating of com- 
ponents are characteristics of the design, 
ensuring reliability, serviceability and free- 
dom from scheduled or unscheduled main- 
tenance. 

The tremendous advances made in the 
reliability of electronic computers over the 
last few years have set very high demands on 
the reliability of computer peripheral equip- 
ment, at the same time as the increasing 
requirements for higher performance. The 
demand for lower levels of maintenance 
becomes even more important as the num- 
ber of peripheral units on computers in- 
creases. Decca claim that the intensive 
development and design work embodied in 
the Type 4000 will lead to higher utilization 
of basic computer time by reducing the time 
formerly lost in servicing, and in reconscitut- 
ing a programme after a breakdown. 

REC 137 for further details. 


Polystyrene Capacitors 


A new range of close-tolerance polystyrene 
capacitors is announced by the Capacitors 
and Resistors Division of The Plessey Co. 
Ltd. Previous limitations on the use of 
polystyrene as a dielectric have been largely 
overcome by new and improved manufac- 
turing techniques which have vastly im- 
proved the capacitance/volume ratio. 
Standard unprotected polystyrene capa- 
citors are normally restricted to an upper 
temperature limit of about 70°C because of 
the risk of deformation as the softening 
temperature is approached. Encapsulation 
of the capacitors reduces the risk of defor- 
mation and the rated temperature limit can 


Range of polystyrene capacitors. 
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be raised to 85°C. 

Capacitance range in the new series is 
10 pF to 0:22 uF. Higher values up to 
0:5 uF are available as non-encapsulated 
types and a range of aluminium-cased types 
covering the higher capacitance values is 
also being marketed. 

Working voltages for encapsulated and 
unprotected types are 125, 350, 500, 750, 
1,000 VY. Encapsulated types are also avail- 
able for operation at 2,000 V. 

High insulation resistance and low power 
factor are important characteristics of 
polystyrene capacitors and typical values for 
units in the new Plessey range are 10° MQ 
and 0-005 respectively. 

REC 138 for further details. 


Rack Panel Connector/Components 


Components permitting “do-it-yourself” 
design and assembly of multi-point rack and 
panel connectors, eliminating the need for 
special tooling and production of multi- 
connector assemblies, are now available 


Sealectro rack and panel connector system. 


from the Sealectro Corporation. These 
components are said to be ideally suited for 
limited runs and production of equipment 
requiring running changes. 

The new components are probes and 
jacks featuring floating contacts which 
allow for normal misalignment and rocking 
motions in connect/disconnect operations. 
The equipment manufacturer punches his 
chassis and rack to accept the ‘‘Press-Fit”’ 
probes and jacks. These may be placed in 
the most advantageous positions for asso- 
ciated circuitry, instead of a single connec- 
tion point, as is necessary with the usual 
multi-point connector. 

The PR-400 probe and SKT-400 jack are 
the two components necessary to make up 
the complete rack and panel connection. 
Both provide a solder cup for termination of 
associated circuitry. Both are the usual 
“Press-Fit” design featuring a p.t.f.e. body 
with a through-chassis diameter of 0-148 in., 
requiring a 0-136 in. hole in the mounting 
panel. The combination of these components 
is good for many thousands of insertions 
with no appreciable increase in contact 
resistance. Preparation of the chassis and 
rack units may be done with any standard 
punch, or two-step drill, conforming to 
recommended dimensions. The units are 
available in all standard colour p.t.f.e. 
bodies for coding purposes. 

REC 139 for further details. 
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A magnet assembly is adjusted during the 
manufacture of a Type 4037 microphone at 
the North Woolwich factory of Standard 
Telephones & Cables Ltd. The 4037 is an 
omnidirectional moving-coil microphone of 
unobtrusive appearance and is widely used for 
television interviewing and general studio 
work. It has a response range of 30 to 


REC 140 for further details. 


High-voltage Medium-power 
Silicon Diodes 


Two new ranges of high-voltage medium- 
power silicon diodes are available from 
Westinghouse Brake and Signal Co. Ltd. 
The SxBR8 is rated at 18 A and may be used 
at case temperatures up to 140°C, whilst the 
SxBR25 is rated at 30 A and may be used at 
similar case temperatures. Both ranges are 
freely available in voltage ratings of 100 to 


Two examples of the h.v. m.p. silicon diodes. | 


1,500 V peak, with ten intermediate voltages. 

The diodes are hermetically sealed using 
glass/metal seals and the latest press seal 
techniques. Mounting is by means of a stud 
base which also serves as the anode connec- 
tion. The cathode connection is made by 
means of an insulated flexible lead through ' 
the glass/metal seal. 

REC 141 for further details. 


MANUFACTURER’S ARE_IN- 
VITED TO SEND DETAILS OF 
ANY NEW COMPONENTS FOR 


15,000 c/s. 


POSSIBLE INCLUSION IN THIS 
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NEW AMERICAN PRODUCTS 


These products are available only from America or from 


European agencies and there is likely 


to be some delay 


in providing readers with further information. 


Waugh Engineering Company 


D.C. Output Turbine Flowmeter: The 
features of the turbine flowmeter are: 
output of —24 MV dic. to +24 MV dc. 
biased around 6 V d.c.; output impedance of 
350 Q; roll-off circuit to provide inverse 
gain to frequency characteristics for noise 
rejection; wide temperature range through 
the use of silicon transistors; low power 
requirements of 25 mA maximum; 12 G 
r.m.s. vibration; 100 G shock; accuracy of 
Ed fo: 
REC 142 for further details. 


Sel-Rex Corporation 


Gold Electroplate for Electronic Applications: 
An extra high purity gold electroplating 
process, Temperex HD, produces deposits 
of 99-994 °%% purity, affording a uniformity of 


metallurgical characteristics. Temperex HD. 


electroplate is also reported to exceed the 
requirements of such standard electronic 
product-acceptance tests as exposure to 
550°C/10 min. ; 300°C/96 h in air. 

REC 143 for further details. 


Leach Corporation 


Half-size Crystal: The M-250 revolutionary 
half-sized crystal, only 0:35 oz. in weight 
and 0-128 in.* in volume, can relay, and has 
a configuration that insures better than 50% 
space economy in a printed circuit and, 
therefore, offers substantial reduction in the 
size of electronic packaging. 
REC 144 for further details. 


Semi-Elements Incorporated 


Lead Telluride: One of the upcoming 
thermal electric materials both in single 
crystal and polycrystalline form is available 
both in n- and p-type material. 

REC 145 for further details. 


Barium Fluoride: Doped with various rare 
earths and transition elements single 
crystals # in. in diam. by 1 in., barium 
fluoride has been added to the growing list 
of available baser materials. 

REC 146 for further details. 


Raytheon Company 


Raysistors: Compact and noiseless, the new 
line of six Raysistor relays and potentio- 
meters designed for close, back-to-back- 
mounted circuit boards has recently been 
announced. 

REC 147 for further details. 
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Decade Counter: Requiring less space than 
precious models, the CK7978 decade 
counter has a cold-cathode, gas-filled tube, 
which operates up to 5 ke, featuring a visual 
neon read-out or electrical read-out avail- 
able from each of the ten cathodes. Total 
anode current ranges from 0:30 mA to 
0:60 mA. 
REC 148 for further details. 


Raysistor Relay and Potentiometer: Models 
CK-1111 and CK-1112 are designed for 
noise-free control of a.c. or d.c. signals over 
a wide range. The two electro-optical com- 
ponents incorporate a light bulb and photo- 
cell assembled in a light-proof casing. 

REC 149 for further details. 


Miniature Tube for Television Receivers: 
The new 6HB6, a T6} miniature pentode, 
incorporates a newly-engineered grid design 
which provides a more linear transfer 
characteristic and a transconductance of 
25,000 uQ. It fills the void for a high- 
sensitivity, high-output, vertical deflection 
tube. 
REC 150 for further details. 


Switching Transistors: The high-voltage, 
high-current audio switching transistors 
have been designed for military and indus- 
trial service as low-frequency, intermediate- 
power switches. The new germanium 
p-n-p units have particular applications as 
relay controls, solenoid drivers, choppers 
and d.c. to d.c. converters, and are designed 
to be used in regulator, oscillator, and pulse- 
amplifier circuits and servo applications. 
REC 151 for further details. 


Diffused-junction Silicon Rectifiers: All 
welded and hermetically-sealed in a metal 
and glass case, the high-temperature 
medium-current rectifiers are designed for 
use where high inverse voltages, high for- 
ward conductance, very low leakage current 
and extremely high rectification efficiency 
are required. Operating ambient tempera- 
ture range is —65 to + 175°C. 

REC 152 for further details. 


Weldpower Model JA: Designed principally 
for manufacturers of semiconductors, elec- 
tronic equipment and modules, the Weld- 
power head features an extremely fast 
forging force and adjustable steel ball 
bushings. 

REC 153 for further details. 


High-voltage Raysistor Isolator: The Ray- 
sistor isolator controls circuits at 25,000 V 
from ground level circuits. Two models of 
the device are the CK-1105 using 120 V for 
the control and the CK-1105 using 5 V for 
the control (light source). 

REC 154 for further details. 
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REC 31 for further information 


TERMINAL 
BOARDS 


MOULDED 
INSULATORS 


CHASSIS 
FURNISHINGS 


Harwin make components—specialise in components. Lugs, 
moulded insulators, terminal boards and chassis furnishings. 

‘ Off-the-shelf’ or to special design. 

The quality of every Harwin component is the product of experienced, 
precision manufacture and rigid inspection—meeting, and 

in many cases surpassing standard specifications. In addition, 

Harwin service and specialisation in fulfilling individual needs is something 
to be experienced—talk over your component problems with Harwin 

and be sure of the best and most effective answer. 


SERVICE AND QUALITY 


HARWIN ENGINEERS LTD RODNEY ROAD PORTSMOUTH - HAMPSHIRE : Tel: Portsmouth 35555 (4 lines) 
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Gear Boxes 


Leaflet No. 10 from Reliance Gear Co. Ltd., 
describes their modular servo gear boxes, 
designed and assembled to meet individual 
specifications. Simplified modular construc- 
tion utilizes standard plates for mounting 
rotating components. The basic module is a 
gear box conforming to DEF 5000, wherein 
up to seven shafts are mounted in ball bear- 
ings, and it is corrosion resistant through- 
out. Ball bearings are to ABEC, friction 
tested to EL.1889; double shielded and case 
sealed against dust, in a dust free assembly 
shop. Gear ratios are up to 43,000,000:1, 
using precision gearing to Admiralty Class 1. 
Accommodation is available for up to six 
components, servo motor, potentiometers, 
synchros, etc. Ratios/components are inter- 
changeable for bread-board and prototype 
work and shafts are extendable both sides 
at any intermediate gear pass. Torque 
limiting slip clutches are in all ratios, and an 
eddy-current drag damper is available. 
REC 155 for further details. 


Electronic Components News 


The May, 1961 issue of Electronic Com- 
ponents News available from RCA (Great 
Britain) Ltd. contains details of recent 
additions to the Company’s range of tubes 
and semiconductors, together with a section 
called “looking ahead” where the progress 
of the Electron Tube Division and Semi- 
conductor Materials Division is described. 
REC 156 for further details. 


RF. Shields 


KnitMesh Ltd. have recently issued a 7-page 
catalogue and price list concerned with their 
electronic products including radio-fre- 
quency shields. The basic material of all the 
Company’s products is KnitMesh, a 
knitted (not woven) mesh, which can be 
produced from almost any material obtain- 
able in filament form. The electronic pro- 
ducts of KnitMesh are in 5 categories: 
radio-frequency shielding; heat exchangers; 
air filtration; cushioning, and flexible all- 
metal leads. KnitMesh is made up into a 
full range of weatherstrips, gaskets and 
spindle glands, examples of which are 
illustrated. Besides the more standard all 
metal types, an unusual but efficient gasket 
is shown consisting of a KnitMesh cover 
over arubber tube. 
REC 157 for further details. 
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Trimmers 


Two new ceramic sub-micro disc trimmers 
Types 7 S-TriKo 01 and 7 S-TriKo 02 are 


the subject of leaflets from Steatite Insula-* 


tions Ltd. The new trimmers are sub- 
stantially smaller than the already known 


Types 01 (top) and 02 compared with previous 
smallest types. 


10 S-TriKo 06, and have been developed to 
meet the growing demand for further sub- 
miniaturization of components. 

Preliminary electrical data is as follows: 


Rated voltage 160 V— 


Test voltage 


740 V— 


Rotor material P100 NO33/ N470_N750 


Capacitance | | 
sweep 2/3,5 | 2,5/6 3,5/13 | 4/20 


Coin Cane in pF | 


Permissible 
temperature 
range 


—25...+85°C 


Insulation 
resistance 


REC 158 for further details. 


Darwins Group Ltd. 


The Group’s 1960 pictorial Finance Report 
is devoted to showing the sequence of pro- 
duction facilities of the Group. Commenc- 
ing with raw materials the report shows the 
various stages of production and illustrates 
how each Company in the Group is con- 
nected to the others. 
REC 159 for further details. 
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Collecon and Camlecon Connectors 


Belling & Lee Ltd. has published an eight- 
page illustrated pamphlet which gives details 
about their Collecon and Camlecon range of 
connectors. These are based on an entirely 
new concept in plug-and-socket construc- 
tion, whereby every pin is individually 
locked into its mating socket. This ensures 
complete and secure engagement of the 
contact and provides reliability and safety 
under all operating conditions. 
REC 160 for further details. 


Grundig TKI4 


A new revised instruction book for the 
Grundig TK 14 tape recorder has just been 


_ issued. The book is set out to explain to the 


user, in the simplest terms possible, not only 
how to operate the machine but also how to 
get the best from it. 

REC 161 for further details. 


Aircraft Electrical Equipment 


Brochure 


The Plessey Co. Ltd., has made available an 
illustrated comprehensive 28-page publica- 
tion which gives full details of the Group’s 
capacity to engineer all electrical equipment 
as fitted to the latest types of civil and 
military aircraft. 

REC 162 for further details. 


Pye Argon Chromatograph 


A comprehensive illustrated 28-page bro- 
chure issued by W. G. Pye & Co. Ltd., 
contains details of many techniques which 
have recently been developed in the field of 
chromatographic analysis. 

REC 163 for further details. 


Standard Relays 


A new eight-page catalogue showing more 
than forty standard P & B relays is available 
from the Potter & Brumfield Division of 
American Machine & Foundry Co. De- 
scription, dimensions, technical specifica- 
tions and prices are given for more than 450 
variations of the basic relays. 

REC 164 for further details. 
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Sevrewere 1961 


Standard Telephones & Cables Lid. have 
issued 2 technical deta sheet D/106 Ed 1, 
Conceming their reizys for telephones. 
Tepes 45990, 46599 2nd 4650 are described 
togethe: with theirs ratings and mounting 
information. 

REC 167 for farther details. 


issued every two months by the Sealecto 
_ Corporation Terminology is intended to 
convey upiothe-minute mews of iheir 
Press i" pttiie. temminals, Sealecioboard 
cordless prograsming boards. ConheX ri 
_ @oaxtal connectors and contact engineering. 
Voiume 1 satsoduces this product range and 
stibscquemt issucs will give applications 
news and new developments. 
REC 18 for farther details. 


Transistors 
The April edition of Semiconductor News by 
AEL Lid. ges details of the Ediiswan 
Mazda 1 W output transistor Type P_XC171 
and dsiver transistor Type P-XB113 (pack 
age LF. 

REC 199 for further details. 


PorTacutta Cut-off Machine 


eee ere eennnte seas Seone Feo Cer 
| Supplies Lid. describes their 


new 1s PorTacuttaz cut-off machine 


Shai 5 109%, portable Powered and serviced © 


by Back & Decke: the machine outs tame 


Gectricass on site and in the factory. 
REC 190 for further details. 


+ Wiawan Yodustrial Valves and 
‘Cathode-ray Tubes 


A temporary catalogue pending the publica- 
tion of a fully illustrated catalogue PD 
16/2017 gives data of the following items: 
Accessories for vapour-cooled valves; 
Cathode-ray tubes; Forced air and water- 
cooled valves; Glow modulators; Half- 


wave high vacuum rectifiers; Half-wave | 
mercury vapour rectifiers; Grid controlled | 


rectifiers; Photo-cells; Photomultipliers; 
Power tetrodes and double tetrodes; Pulse 
amplifiers and modulators; Radiation- 
cooled power valves; Regulator valves; 
Saturated diodes; Special pentodes; Special 
quality valves; Telephone line protectors; 
Twin triodes; Vacuum delay switches: 
Vapour-cooled power valves; Kenon filled 
tetrodes; and Xenon rectifiers. 

REC 171 for further details. 


Wire Stripper 


Described in a leafiet by Lyteze Products | 


Lid, is their new stripping tool for plastic- 
covered wires. The outstanding features are 
the ease and speed of its use by untrained 
operators without danger of damage to the 


conductors. Other special features are de- | 


sctibed in the leafiet. 
REC 172 for further details. 


Electroplating 


Johnson Matthey & Co. Lid has issued 


data sheets which deal with the types of | 


high-purity silver anodes available for vat 
and barrel plating under a wide range of 
conditions, and also give details of new 
rhodium plating methods and the well- 
established range of Johnson Matthey gold 
and silver salts. 

REC 173 for further details. 


Industrial Containers 
A new series of Kabi bins, tanks and con- 
tainers to meet every industrial need are 
described in 2 four-page leafiet produced by 
Kabi (Electrical & Plastics) Lid. 

REC 174 for further details. 


Tube Products 


Johnson Matthey & Co. Lid. has issued a 
mew series of data sheets describing its 
range of small-bore tubes and tube products, 
in terms of end uses. ic.. Bourdon tube. 
capillary tube, restrictor tube, instrument 
pointer tube, tube for applications in 
dectronics and miscellancous base-metal 
tubes. 
REC 175 for further details. 
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Components 


The May 1961 Catalogue Supplement pro- 
duced by Belling & Lee Ltd_, gives details of 
their new products which have been intro- 
duced since the general catalogue was issued. 
Crystal Oven Thermostats; Miniature Wan- 
der Plugs and Sockets; Ribbon Feeder 


_ Connectors and “Prestincert” Components 


are but a few of the items mentioned in the 
booklet. 
REC 176 for further details. 


Photoelectric Counters 

A four-page leafiet isfued by Tyer & Co. 
Lid., describes their standard range of 
Perram counters now being manufactured. 
The types mentioned are the high-speed 


| model Type HSC2/A—a six-digit counter 
with reset operating at 2,000 counts per 


minute, and the pre-selection counter Type 


| HSC2/AA—equipped with relay and heavy 
| duty contacts for batching control. 


REC 177 for further details. 


Precision Wirewound Resistors 

The Ashburton Resistance Co. Lid., have 
produced an 18-page catalogue dealing with 
the whole range of Arcol precision wire- 
wound resistors. The catalogue is designed 
for clear and easy reference of their resistors 
and details include a dimensional drawing, a 
full specifications and a table giving the list 
prices throughout the range of ohmic values 
and tolerances grades. 

REC 178 for further details. 


Miniature Electronic Components 
The new 1961 issue of the Ardente Miniature 
Component Catalogue includes full details 
of their range of miniature rotary switches 
now available with sealed spindles and with 
a spring return action. The range of standard 
transformers has been increased and a new 
miniature power transformer, the D 8000 
series, introduced. 
REC 179 for further details. 


Contact Fingering 


A leaflet recently published by the Sealectro 
Corporation, deals with a new range of 
contact fingering which is available in many 
variants of finger length, width and pitching. 
Typical uses include connections to the 
electrodes of co-axial and external anode 
type valves. wave-guide contacting, door 
bonding in screened rooms or cabinets and 
rf ovens. 
REC 180 for further details. 
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Golf Raises Money for the E.1.B.A. 


A record sum of £779 14s. 6d. was raised for 
the Electrical Industries Benevolent Associa- 
tion by this year’s Midlands Area competi- 
tions of the Electrical Industries National 
Golf Championships, played over the 
Edgbaston (Birmingham) course. The total 
—more than £200 greater than that pro- 
duced by last year’s West Midlands 
competitions—was swelled by the results of 
a number of special efforts organized by the 
Area Chairman, Mr. V. J. Hadley (Manag- 
ing Director of Hadley Telephone & Sound 
Systems Ltd.). 


Automatic Treatment of Semi- 
conductor Device Process Effluent 


The recently completed plant constructed 
for the Texas Instrument Company at 
Manton Lane, Bedford has been designed 
to facilitate the most efficient production 
methods for the manufacture of semiconduc- 
tor devices. Wherever possible, instrument 
control methods are employed and an 
example of one of these instrument methods 
may be illustrated by the application of pH 
control during the treatment of process 
effluent. 

During semiconductor device processing 
considerable quantities of effluent are 
produced. This effluent is made of hydro- 
fluoric, acetic, and nitric acids of varying 
composition, together with water-miscible 
solvents and large quantities of process 
water. The pH value of the effluent can vary 
between 0:5 and 5:0 and have a biochemical 
oxygen demand of approximately 2,000. 
Quantities of up to 74,000 gallons a day with 
peak flows of 7,000 gallons per hour are 
continuously and automatically treated 
before disposal into the Local Authorities 
drains. 

Treatment of the effluent comprises a 
single stage chemical treatment followed by 
settling of solids and a final biological treat- 
ment. The effluent is first collected in two 
3,000 gallon balancing tanks from which it is 
pumped under level control into a 1,500 
gallon treatment tank where limeslurry is ad- 
ded under pH control. Precipitation of solids 
takes place most effectively at pH values 
between 7:5 and 8-0 and industrial pH 
measuring equipment, supplied and installed 
by W. G. Pye & Co. Ltd., Cambridge, 
coupled to a Taylor pneumatic controller 
adjust the rate of lime slurry addition to 
maintain these optimum conditions. 

From the treatment tank the neutralized 
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ACTIVITIES in the Industry 


On Friday, 7th July, Dr. Bertram V. Bowden, M.A., Ph.D., M.I.E.E., Principal of the Man- 


chester College of Science and Technology, received a specially bound volume of the Science 
Masters Handbook which has been produced by Advance Components Ltd. of Hainault, Essex. 

The presentation took place at the Advance Stand during the 16th Annual Electronics, 
Instruments and Components Exhibition and Convention. Left to right are: Mr. D. J. Taylor, 
Chairman of the Council of the Institution of Electronics; Dr. Bowden; Mr. S. Jarvis, Advance 
Components Ltd.; Mr. P. Sidney, Sales Manager, Advance Components Ltd.; Mr. W. 
Birtwistle, General Secretary, I. of E.; and Mr. W. Mortin, Advance Components Ltd. 

The Advance Science Masters Handbook has already been issued to many thousands of 
science masters both in Britain and the Commonwealth, and has been well received by the 


education authorities. 


effluent is passed through a large settling 
tank where the suspended solids, mainly in 
the form of insoluble calcium fluoride, are 
removed. The final biological treatment, 
where the water-miscible solvents are 
reduced to an acceptable level, precedes a 
final pH check. As the clarified liquor leaves 
the effluent plant a continuous sample is 
taken and passed through a Pye flow-type 
electrode assembly and a continuous record- 
ing of the final effluent pH value is taken 
before the effluent is passed into the drains. 

The treated effluent conforms to the local 
authorities requirements with fluorides 
below 30 p.p.m., metals in suspension and 
solution 20 p.p.m., suspended solids 20 
p.p.m., B.O.D. 300 and a pH value between 
6:0 and 9-0. 


Marconi Television for Suez Canal 


A Marconi-Siebe, Gorman underwater 
television camera is to be used by the Suez 
Canal authority to examine the underwater 
condition of the canal and the entrances to 
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Port Said and Suez Harbours. 

Damage is often caused to the cutting 
teeth of canal dredgers by submerged debris 
and the delay in repairing them is both time- 
wasting and costly. 

The canal authority believe that much of 
this damage will be eliminated when the 
underwater television equipment is in use 
and a full set has been ordered from 
Marconi’s Wireless Telegraph Co. Ltd. 


New S.L.M.A. Officers 


At the Annual General Meeting of the 
Scientific Instrument Manufacturers’ Asso- 
ciation of Great Britain, Mr. A. W. Jones 
[Fleming Radio (Developments) Ltd.] was 
installed as President for the year 1961-62 by 
Mr. G. C. Ottway (W. Ottway & Co. Ltd.), 
the retiring President. 

The other Honorary Officers of the 
Association elected were: Mr. R. KE. 
Burnett (Marconi Instruments Ltd.), Vice- 
President and President-Elect; Mr. G. C. 
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Ottway (W. Ottway & Co. Ltd.), Vice- 
President; Major W. Logan (Avo Ltd.), 
Hon. Secretary; and Mr. G. S. Sturrock 
(Kelvin & Hughes, Ltd.), Hon. Treasurer. 

The newly-elected members to the Council 
were: Mr. J. E. C. Bailey, C.B.E. (Baird & 
Tatlock, London, Ltd.), a past President of 
the Association returned to Council; Mr. 
A. G. Peacock (Mervyn Instruments Ltd.); 
Mr. L. B. Lambert (Negretti & Zambra 
Ltd.); Mr. J. E. T. Haile (Rank Precision 
Industries Ltd.); Mr. I. C. M. Worsfold 
(W. H. Sanders Electronics Ltd.); Mr. H. 
Wyn Griffith (Shirley Developments Ltd.); 
and Mr. A. Richardson (Stanhope-Seta 
Ltd.). 

The members of Council continuing in 
office are: Mr. S. T. Pickering (Chance 
Pilkington Optical Works); Mr. G. M. 
Sisson, O.B.E. (Grubb, Parsons & Co. Ltd.); 
Mr. G. A. Whipple, C.B.E. (Hilger & Watts 
Ltd.); Mr. E. W. Semmons (Nalder Bros. & 
Thompson Ltd.); Mr. R. H. C. Foxwell 
(The Wayne Kerr Laboratories Ltd.); and 
Mr. A. W. Smith (Wray Optical Works Ltd.). 


New Factory for Aircraft-Marine 


Products 


The Rt. Hon. John S. Maclay, M.P., 
C.M.G., Secretary of State for Scotland, 
will open the new Port Glasgow factory of 


Aircraft-Marine Products (Great Britain) | 


Ltd. on Monday, 25th September next. 

The new factory has an area of 60,000 
sq. ft. enabling Aircraft-Marine Products to 
increase production of the AMP solderless 
terminals, connectors and associated pro- 
ducts. This is in order to meet the increasing 
demand for its products in the electrical 
appliance, electronic, aircraft, shipbuilding, 
business machine and rail industries, also 
the power generating and distributing ser- 
vices. Increased production space will also 
mean that Aircraft-Marine Products can 
deal with the expanding world-wide demand 
and make an even greater contribution to 
the national economy both with direct and 
indirect exports. 

The Company has been operating in 
Britain since 1955 and has provided a 
valuable stimulus to employment in Port 
Glasgow. When the new factory is com- 


pleted it will be one of the most modern of | 


its kind in Britain. 


G.E.C. Radio Equipment for Canada 


The General Electric Co. Ltd. is to supply 
via the Canadian General Electric Company 
the radio and multiplexing equipments for a 


Telephone Company. 

The equipment will convey either a tele- 
vision circuit or 960 speech circuits on each 
radio channel and will link up with other 
G.E.C. equipments in the network operating 
in the 2,000 Mc/s band. 


Magnavox Electronics Ltd. 


Magnavox Electronics Ltd. have moved 
their head offices from 129 Mount Street, 
London, W.1. to Magnavox House, Alfred’s 
Way, Barking, Essex. The new telephone 
number is Rippleway 5533. 


Brazil Buys British Television 


Radio Sociedade Gaucha, S.A. have just 
concluded a contract with Pye T.V.T. Ltd., 
Cambridge, for the equipping of a complete 
television station which Radio Gaucha 
plans to complete at the beginning of next 
year at Porto Alegre, Brazil. 

The station is to include the necessary 
equipment for a three-studio television 
centre, with cameras, mixing systems and all 
ancillary equipment. A Pye 5-kW Band 3 
transmitter will also be supplied and addi- 


tional equipment has been purchased to fit | 


out an Outside Broadcast Unit. Value of the 
contract is in the neighbourhood of 
£150,000. 

The negotiations were conducted by the 
Managing Director of Radio Gaucha, Mr. 
Frederico A. Ballve, assisted by the Manag- 
ing Director of Pye’s Brazilian Agents, 
Electrobraz Comercia e Industria S.A., Mr. 
E. F. Eskenazi. 


Marconi Television for Russia 


Marconi underwater television cameras will 
be used for salvage operations by a fleet of 
seven Russian tugs, following an order for 
television equipment placed by the Finnish 
shipbuilding firm Valmet Oy. 

Seven Marconi-Siebe, Gorman cameras 
and monitors are to be delivered to the 
Pansio Shipyard, Turku, for installation on 
board the diésel-driven salvage tugs now 
being built for V/O Sudoimport, Moscow. 

Diving equipment, and underwater cut- 
ting and electric arc welding devices, are 
carried by the tugs. The Marconi-Siebe, 


' Gorman television cameras will enable 
| salvage experts to see work being carried out 


broadband radio link between Moncton in | 
New Brunswick and Gore in Nova Scotia, | 


Canada. The link will consist of two ter- 
minal and two repeater stations and will 
carry two bothway s.h.f. radio channels 


operating in the 6,000 Mc/s frequency band. | 


It will form part of the Canadian East 
Coast microwave network being developed 


by The New Brunswick Telephone Com- | 
pany and the Maritime Telegraph and | 
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by divers using pressure air-driven tools. 


Four Mullard Filmstrips 


Four new filmstrips dealing with various 
aspects of electronic engineering have been 
announced by the Mullard Educational 
Service. Their titles are as follows: 
The Manufacture of Junction Transistors. 
Basic Transistor Circuits. 
Amplification and Amplifiers (Parts I & 
If. 
Amplification and Amplifiers (Parts Il & 
TV). 


The first two are intended for grammar 
school pupils or the more junior students at 
technical college, the others are designed 
especially for the student electronics 
engineer or technical trainee in the Services. 


The Manufacture of Junction Transistors: 
This 38-frame, black and white filmstrip 
describes the manufacture of junction 
transistors step by step. 

The first 14 frames cover the production, 
purification and precision slicing of the 
germanium raw material. Forming the 
p-n-p junction, assembly, final testing and 
quality control occupy the remaining frames. 


Basic Transistor Circuits: This filmstrip is 


| intended to familiarize the student with the 


outlines of basis transistor circuits and to 
provide him with pa re background for 
further studies. 

The strip comprises 29 coloured frames. It 
begins with diagrams showing fundamental 
transistor physics, and the following frames 
illustrate the three basic forms of transistor 
operation: common emitter, common col- 


| lector and common base. Input and output 
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characteristics for each method of working, 
and circuits showing the transistor used as 
an amplifier, oscillator and d.c. converter 
complete the strip. 


Amplification and Amplifiers 

Parts I & II: This strip comprises 25 
coloured frames and is divided into two 
parts. The first part begins with a block 
diagram of an audio amplifier and goes on 
to illustrate in some detail the various 
classes of bias and methods of producing 
them. Part II continues by considering input 
and output circuits, types of load, parallel 
and push-pull operation, two-stage audio 
amplifiers, feedback, decoupling and, finally, 
the cathode-foll ower circuit. 

Parts II & IV consider the requirements 
of an ideal amplifier for various types of 
service and the circuit features needed to 
meet these requirements. The various forms 
of distortion found in tuned, untuned and 
power amplifiers are covered in detail. 

The strip consists of 31 coloured frames 
illustrating such subjects as inter-electrode 
capacity, Miller Effect, 1.f. and h.f. compen- 
sation, impedance matching, types of dis- 
tortion, equivalent circuits and other useful 
information. 

All four strips are available now from 
Unicorn Head Visual Aids Ltd., 42 West- 
minster Palace Gardens, London, S.W.1. 
Price 25s. (colour), 15s. (black and white) 
including comprehensive teaching notes. 


§.T.C. Carrier Telephone System in 
Sardinia 


The first installation of a new type of carrier 
telephone system has now been placed in 
service in Sardinia by the Italian Post Office. 

The new system was designed by Standard 
Telephones & Cables Limited, London, and 
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installed by Societa Italiana Reti Tele- 
phoniche Interurbane, S.A. Milan. It is 
particularly suitable for use in areas of 
relatively low telephone traffic density. 

The system provides 300 telephone cir- 
cuits on each pair of coaxial tubes in a cable 
of novel construction. The coaxial tubes are 
only 0-163 in. (4 mm) in diameter, and the 
cable is of similar construction to S.T.C. 
Type 163 cable now being supplied to the 
British Post Office, British Railways and 
telephone administrations overseas. 

The frequency spectrum on each coaxial 
tube extends from 60 kc/s to 1,300 kc/s. 
This accommodates 300 speech channels 
each 300 to 3,400 c/s; the overall system has 
been designed to meet the C.C.I.T.T. noise 
specification for routes of up to 1,600 miles 
(2,500 km) in length. 

Repeaters are inserted into the cable route 
every 12,000 ft. (3:66 km), at which spacing 
the cable loss to be compensated is of the 
order of 27 dB at the top frequency trans- 
mitted. 

An automatic pilot control is incorpo- 
rated in the system to provide continuous 
compensation for changes in the cable 
attenuation due to varying ground tem- 
peratures. The terminal equipment includes 
all the apparatus necessary to translate in 
frequency the 300 telephone circuits, which 
form the maximum complement of the 
system, and to position them in their 
appropriate places in the frequency band 
transmitted over the cable. The repeater 
equipment comprises terminal, main (power 
feeding) and dependent repeaters which are 
required to maintain the appropriate signal 
levels along the tubes of the coaxial cable. 

Junction-type transistors are used through- 
out the repeater equipment, thus ensuring 
low power consumption and heat dissipa- 
tion. The terminal and main repeaters are 
rack mounted. 

The dependent repeater is designed to be 
accommodated in a buried housing which 
may contain one or two both-way repeaters. 
With the use of transistors, a compact unit 
with low current drain has been achieved 
suitable for completely unattended opera- 
tion. Electrical connection of the repeater to 
the coaxial tubes is made by means of 
flexible plug-ended cords to facilitate 
repeater replacement when required. 

Power to operate the dependent repeaters 
is fed over the coaxial tubes from the 
nearest main repeater or terminal station by 
passing a stabilized direct current through 
the repeaters in series. 

A facility is provided to enab!‘e faults in 
dependent repeaters to be located from 
terminal and main stations using the inter- 
stice pairs within the cable. 


New Creep of Steel Laboratory 


The new Creep of Steel Laboratory which 
has been built during the past year, on the 
Electrical Research Association’s site at 
Leatherhead, is concerned with the improve- 
ment in the efficiency of generation of 


698 


electricity, primarily in steam-driven turbo- 
alternator sets, and is the latest stage of a 
long investigation that has developed con- 
tinuously over nearly forty years. In that 
period steam raising conditions at power 
stations have risen from 600 Ib./in.? and 
680°F (360°C) to 2,000 Ib./in.2 and 1,050°F 
(565°C). The overall efficiency has con- 
sequently increased from under 20% to 34% 
in some cases. 

This improvement has only been possible 
as the result of research on the high tempera- 
ture properties of the steels used in the 
generating plant. The E.R.A. has been very 
actively associated with that research since 
1930 when it set up a committee, upon 
which steel makers and turbine makers and 
users were represented, which sponsored the 
accurate investigation at the National 
Physical Laboratory of the high tempera- 
ture behaviour of certain typical steels. As a 
result a creep-testing laboratory was built at 
the N.P.L. and equipped with some 75 high 
accuracy creep testing machines. A number 
of steels were examined here and in addition 
members of the committee submitted 
appropriate experimental results obtained in 
their own creep laboratories. It soon became 
evident that short-term testing was not 
sufficient and periods of test had to be 
extended to times of the order of 20,000 
hours or more. 


As knowledge of the properties of steels 
increased and steam conditions became 
more onerous, the number of special creep 
resisting alloys to be investigated also rose. 
The test programme thus expanded to such 
an extent that the laboratory at the N.P.L. 
could no longer cope with it even though it 
had been reinforced by a further 50 machines 
installed in 1957 at the E.R.A. Laboratories 
at Leatherhead. 

The organizations represented on the 
committee therefore decided to provide for 
an extended programme by means of a new 
laboratory at Leatherhead which would be 
devoted principally to long-time tests. This 
laboratory, completed at the end of 1960 
with an area of 9,900 sq. ft., is equipped 
with 50 high sensitivity creep machines 
fitted with optical extensometers, 50 10- 
specimen rupture machines and 50 dual 
purpose machines for either dial gauge 
creep measurements or 3-specimen multi- 
rupture. One 15-ton creep machine is 
included for testing specimens from the full 
wall thickness of steam pipes. In addition to 
the creep and rupture machines, 11 rigs have 
been installed, designed to test tubes 
stressed by internal steam pressure while at 
high temperature. Four such rigs have been 
in operation for several years at Leatherhead 
and will be retained. 


Sir Noel Ashbridge (centre) a director of Marconi’s Wireless Telegraph Co. Ltd. is seen here 
chatting to Mr. W. Proctor Wilson, Head of Research, B.B.C. and Mr. F. C. McLean, 
Deputy Director of Engineering, B.B.C., at a cocktail party held by Marconi’s and the English 
Electric Valve Co. Ltd. in Selby’s Banqueting Rooms, London, to mark the joint presentation 
to the two companies of this year’s engineering award of the National Academy of Television 
Arts and Sciences. The award, which was shared with the Radio Corporation of America, was in 
recognition of the independent development of the 43 in. image orthicon camera and pick-up 
tube. One of the premier awards America can bestow in the field of electronics this is the first 


time it has been won outside the United States. 


Over 150 guests from the electronics industry, B.B.C., I.T.V., programme contractors and 
the technical press were welcomed at the cocktail party by Mr. A. J. Young, Managing 
Director of the English Electric Valve Co. Ltd. and Mr. D. G. Smee, Manager of Marconi’s 
Broadcasting Division, on behalf of the Managing Director, Mr. F. N. Sutherland, who was 


overseas. 
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Mr. G. A. Smith 


Mr. G. A. Smith 


Mr. Michael Clark, Director of the Elec- 
tronic and Equipment Group of The 
Plessey Co. Ltd., announces the appoint- 
ment of Mr. George A. Smith as General 
Manager of his Group. 

Mr. Smith has been with the Company 
since 1957. His first responsibility was for 
the overseas selling of electronic equipment 
with Plessey International Ltd. He was later 
appointed General Manager of the Plessey 
Telecommunications Division, and became 
Commercial Executive of the Electronic and 
Equipment Group in 1960. 

Mr. Smith’s association with the world of 
electronics and telecommunications extends 
back to 1939. He spent the war years as a 
radar officer in 60 Group, serving with the 
R.A.F.V.R. 

For ten years after leaving the Service, 
Mr. Smith worked with Pye Ltd., initially as 
a development engineer and later as the 
export manager of the Pye Telecommunica- 
tions Division. 


Mr. D. H. Maxwell 


With the termination of the ATE/TMC 
transmission selling agreement, the Tele- 
phone Manufacturing Co. Ltd. is now 
establishing its own world-wide selling 
organization and Mr. D. H. Maxwell has 
been appointed Transmission Division 
Sales Manager. 

Immediately prior to joining TMC, Mr. 
Maxwell, who is 41, was a Senior Sales 
Executive at the Head Office of Ericcson 
Telephones Ltd. During the war he was a 
Major in the Royal Signals, and afterwards 
joined the Transmission Laboratories of the 
General Electric Company as a Systems 
Engineer. Subsequently he joined Siemens 
as Transmission Sales Engineer, and then 
T. S. Skillman as Sales Executive. 

In his new position Mr. Maxwell is 
responsible for co-ordinating and control- 
ling all aspects of TMC’s Transmission 
Sales activities. Under the reorganization 
Mr. C. F. Ellis will continue his present 
duties as Contracts Manager in the Divi- 
sion’s sales department. 
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PERSONALITIES 


Mr. B. Feltbower 


Mr. Bernard Feltbower, who recently joined 
The English Electric Company, has been 
appointed Chief Engineer of the Company’s 
Control Gear Division at Kidsgrove, 
Stoke-on-Trent. 

Mr. Feltbower, who is 49, was born in 
Vienna and holds the Engineering Diploma 
of the Technical University of Vienna, and 
the degree of B.Sc. (Eng.) at London 
University. He is a member of the Institu- 
tion of Electrical Engineers. He will be 
responsible for all the technical administra- 
tion and new projects of the Division at 
Kidsgrove which specializes in all aspects of 
electric motor control and the engineering of 
automatic control schemes for industrial 
processes. 

After industrial experience in Austria 
before the last war as a project engineer, 
Mr. Feltbower joined Brookhirst Switch- 
gear Ltd. in 1938 where he was responsible 
for the design and application of control 
gear. From 1947 until this year he worked 
for the Electro Dynamic Construction Co. 
Ltd., where he became General Manager 
and Chief Engineer of their Control Gear 
Division. During this time he was respon- 
sible for developing, amongst other things, 
automatic standby power supplies for con- 
ventional and nuclear power stations, etc. 

Mr. Feltbower has published a numter of 
articles on automatic control gear and has 
also read a paper before the Institution of 
Electrical Engineers on the design and 
application of contactors. 


Mr. P. E. Groom 


Mr. P. E. (Peg) Groom, Credit Manager of 
the Ekco Group of Companies, retired at 
the end of July after over 27 years’ service, 
during which he has made many friends in 
the radio trade. He entered the radio 
industry in 1927 and joined E. K. Cole Ltd. 
in 1933. Mr. Groom will be succeeded by 
Mr. W. A. MacArthur, who joined E. K. 
Cole Ltd. in 1949 and graduated through 
the Sales Departments to the position of 
Assistant Credit Manager in 1958. 
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Mr, A. A. Farrell 


Mr. A. A. Farrell 


Mr. A. A. Farrell has been appointed 
Director and General Manager of Plessey 
Ireland Ltd. and also a Director of Plessey 
Sales Ltd. Dublin. 

Mr. Farrell was formerly General Man- 
ager of Plessey Ireland Ltd. 


Mr. E. R. Pring 


It is with deep regret that E. K. Cole Ltd. 
announce the death of Mr. E. R. Pring. Mr. 
Pring joined the Company as a director in 
the first year of its formation, 34 years ago, 
since when he has given highly valued service 
in that capacity, enjoying the esteem and 
affection of all those who came into contact 
with him. He retired from all business 
activities only last year. 

The funeral took place at St. Mary’s 
Church, Prittlewell on 12th July, E. K. Cole 
Ltd. being represented by Mr. E. K. Cole, 
his fellow directors and senior executives of 
the Company. 


Mr. J. Large 


British Insulated Callender’s Cab‘es Ltd. 
announce the appointment of Mr. J. Large, 
Winding Wires Divisional Manager, as 
General Manager, Winding Wires Division, 
with effect from Ist August, 1961. He will be 
responsible to Mr. E. Bowyer, Executive 
Director, for the administration of the 
Division and the operation of the Huyton 
Quarry, Melling and Bessbrook (Northern 
Ireland) factories. The acquisition by BICC 
of the share capital of Ressbrook Products 
Ltd. of Newry, County Down, was an- 
nounced on Ist June, 1961. 

The Home and Export Commercial 
activities of the Winding Wires Division 
will be operated by Mr. Large from Huyton 
Quarry, near Liverpool, in conformity with 
policies indicated respectively by Mr. C. H. 
Broughton Pipkin, Executive Director 
(Home) and Mr. H. F. Akehurst, Assistant 
Managing Director. 


699 


Dr. S. Jones 


Dr. Sydney Jones has joined R. B. Pullin & 
Co. Ltd., as Technical Director. This 
appointment follows the Company’s deci- 
sion to ensure the enlargement of its 
activities throughout the whole field of 
electronics, electrics, electro mechanics, etc. 

Dr. Jones was until recently Director of 
Research Applications at the Central 
Electricity Board, where he was responsible 
for the development of forward-looking 
research projects. In particular, he was 
responsible for the development of auto- 
matic process controls systems. 

Between 1947-50 whilst he was at T.R.E., 
he became interested in the problem of 
automatic guidance of astronomical tele- 
scopes and contacted Professor Tustin of 
Birmingham University who was then a 
member of a committee set up to advise on 
the proposed new 100 in. Isaac Newton 
telescope for Greenwich Observatory at its 
new site in Hurstmonceaux. This led to his 
work with Professor Tustin at Birmingham 
on a scheme to develop a high precision 
servo-drive of the photographic plate on the 
Isaac Newton telescope. For this work he 
was awarded a Ph.D. 

About this time he was also leading the 
R.R.E. team responsible for the application 
of infra-red to guidance of missiles and other 
devices. This work led directly to the Fire- 
streak missile. Many of the novel techniques 
in this missile arose from his work and in 
conjunction with the Ministry of Supply, he 
holds many of the patents involved. 

Dr. Jones was Superintendent of Defence 
Airborne Radar at Malvern from 1954-56, 
and headed the Armament Dept., R.A.F., 
1956-59. 


Mr. A. W. Jones, President of 
S.1.M.A. 


Mr. A. W. Jones, recently installed as 
President of the Scientific Instrument Manu- 
facturers’ Association of Great Britain Ltd., 
was born in 1914. 


Invicta Radio as an inspector, becoming 
ultimately technical manager. On the Com- 


pany’s absorption by the Pye Group he | 


joined Pye Ltd. in 1938, working on re- 


search and development in radar during the | 


war. 


In 1945 he founded Fleming Radio | 


(Developments) Ltd., and the firm carried | 
| 1961, of Mr. R. W. Hall (Bill Hall), Chief 


out an assortment of sub-contracts, while he 
developed an anti-jamming radar of his 
own. In 1947, he bought his first factory in 
Clerkenwell, and became a Government 
contractor. The Company subsequently ex- 
panded very rapidly. 


S.I.M.A. for 1960-61 and has been a very 
active Council member for the past four 
years. His hard work as Chairman of the 
1959 and 1960 Convention Committees had 
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much to do with their inspired success. He 
was also Chairman of the Electronics, 
Telecommunications and Electrical Instru- 
ments Section to which 70 S.I.M.A. 
members belong, the Nucleonic Group and 
many of the Standing Committees of 
S.I.M.A. 


Mr. R. S. Phillips 


Mr. R. S. Phillips has joined the Instrumen- 
tation Division of Evershed and Vignoles 
Ltd. as Chief of Development dealing with 
electronic process control equipment. Mr. 
Phillips, who has been in the electronics 
industry for twenty years, was previously 
with Epsylon Industries Ltd. where he was 
engaged in the development of process 
controls in relation to textile manufacture. 


Mr. Burkewood Welbourn 


The death took place on Ist July at Cater- 
ham, Surrey, of Mr. Burkewood Welbourn 
at the age of 85. Mr. Welbourn was a 
former Director and Chief Engineer of the 
British Insulated Company. He retired in 


1945 on the formation of BICC through the ° 


amalgamation of the BL Company and 
Callender’s Cable and Construction Com- 
pany. 

Mr. Welbourn graduated from King’s 
College, London, in 1896. After a period of 
service with the Electrochemical Company 
of St. Helens, he joined, in 1897, the British 
Insulated Wire Company of Prescot becom- 
ing Contracts Manager in 1902, in which 
capacity he travelled widely. In 1927 came 
his appointment as Chief Engineer, and in 
1942 he was elected to the board of the BI 
Company. 

In a lifetime spent in the electrical indus- 
try in which he had such a notable career, 
Mr. Welbourn had served as a member of 
the Council of the Institution of Electrical 
Engineers, was a vice-president of the 
Institution and past Chairman of 


| Manchester and Liverpool centres. 
In 1933 he joined Orr Radio, and later | 


He is survived by his widow and all his 
five children. 


Mr. R. W. Hall 


It is with deep regret that Antiference Ltd. 
announce the death on Friday, 21st July, 


Sales Executive of the Aerial Division. Mr. 


the | 
| The retirement from his executive duties is 


Hall, who was 47, had beenvery ill in hospital | 


since early April. 


Although with Antiference for only nine | 
| years he had been closely associated with the 
Mr. A. W. Jones was Vice-President of 


radio industry for more than 27 years of his 


| working life. He leaves a widow and two 


| 


children. 


York on Thursday, 27th July. 


Mr. C. 0. Boyse 


British Insulated Callender’s Cables Ltd. 
announce that Mr. C. O. Boyse, B.Sc.(Eng.), 
M.I.C.E., M.LE.E., Fel.A.LE.E., on re- 
linquishing his appointment as Managing 
Director of the Automatic Telephone & 
Electric Co. Ltd., was appointed an 
Executive Director of BICC as from 6th 
July, 1961. Mr. Boyse, who has been a 
member of the BICC Board since 1956, is 
now responsible to Mr. W. C. Handley, 
Assistant Managing Director of BICC, for 
the operation of certain Home Group 
Companies other than those primarily 
engaged in cable making. 


Mr. P. Allaway 


Mr. Percy Allaway was appointed Manag- 
ing Director of E.M.I. Electronics Ltd. on 
Ist July, in succession to Clifford Metcalfe, 
C.B.E., who relinquished the post at his 
own request but remains a full-time 
director of Electric & Musical Industries 
Ltd. 

Mr. Allaway joined the Gramophone t o. 
Ltd. in 1930, and was trained in the drawing 
offices and manufacturing departments of 
the vast HMY plant. 

Mr. Allaway foresees the completely 
automatic factory of the future as being 
equipped with analogue computers for basic 
design research, digital computers to process 
all clerical data from receipt of order to 
management statistics, electronically-con- 
trolled machine tools, closed-circuit tele- 
vision for inspection, and driverless Robo- 
tugs for transporting materials and products 
through all stages of manufacture. 


Mr. J. H. Maxwell 


announced of Mr. J. H. Maxwell, Director 
and General Manager of Messrs. W. T. 
Glover & Co. Ltd., of Trafford Park, 
Manchester 17—a member of the BICC 
Group—after 51 years’ service with that 
Company. 

The career of Mr. Maxwell, who was born 
in Manchester, is one of the success stories 
of the cable industry. He joined W. T. 
Glover & Co. Ltd. in 1910 as an office boy. 
In 1928 Mr. Maxwell became Manager of 
the Estimating and Order Department. He 
was appointed Sales Manager in 1952, and 
General Sales Manager two years later. In 
1955 came his appointment to the Board in 
the capacity of Deputy General Manager, 
and in 1959 Mr. Maxwell became General 


| Manager of the Company which 
The funeral was held at Fulford Church, | he ee 
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half-a-century earlier. 
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We are precision engineers in plastics creating up-to-the-minute 
mouldings for the trade. From first class designs come first class 


products and BODDINGTON’S reputation in this field. 


This ’T’ piece, made to special 


Send 2/6 P_O. for ous 40 page booklet on spring design with fu 
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(Delivery: Generally Ex Stock, Red- 
ditch Works os London Office). 


TRANSISTOR CLIPS 
in Beryllium Copper 


(Parent and Type Approval app 


Of compact design, and taking 
up no n th 
Transistor itself, these Clips, 
manufactured from Beryllium 
randformed 


so astoassist 
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172/180 Homerton High Street, 
London, E.9. Telephone: AMHerst 7896 & 1396 


Factory:- Horsmonden, Tonbridge, Kent. 
Telephone: Horsmonden 367. 


SPRING LOADED 
WIRING TERMINAL 


Designed for mounting on panels 
upto; thick, the terminal accepts 
wire ends or pins up to 4” diameter 
and provides a quick and simple 
connection, secure and proof 
inst vibration. Terminals are 
ailable from stock with Black 
or Red Thermo-plastic fittings or 
other colours to order. 

Ratings:—Current 5 amp. Test 
Voltage 1000 V., with 
contact resistance 
(Patent and Type 
Approval applied for). 


LEAVE IT TO 


CUS 


OF REDDITCH 
INGS, PRESS WORK 

WIRE FORMS TO 

FINE LIMITS 


design department. 
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For Marking 


on. Transistors 


THE NEW AUTOMATIC TRANSISTOR PRINTER 


MODEL 4T/TPR. For marking around circum- 
ference of almost all types of transistors and 
many rectifers. Four turrets for fast output. 
Automatic printing and ejection. 
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MARKING AND 
PRINTING MACHINES 


There are many other machines in the REJAFIX range, 
which runs from fully automatic down to hand-operated 
models. It includes machines suitable for marking on 
components of many different types and special machines 
for colour-banding on articles such as small resistors, 
fuses, etc. We should be pleased to discuss your prob!ems. 


For a lasting impression 


REJAFIX LTD. 


81-83 Fulham High Street, London, $.W.6. 


Tel: RENown 5802/3/4 


: 


HEWELL SPRINGS CO. LTD., ASTWOOD BANK "REDDITCH Phone oot aile BANK 237 
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Springs of all types 
in Phosphor Bronze, 
Stainless Steel, Beryll- 


ium Copper and any 


ferrous or non-ferrous 


NOISYOL: SONISSAYd WLIW 


A.I.D. APPROVED 


metal. 

Pressings in any metal 

to your specification or if 
you send us details of 

the requirements we 

can assist in design. 
Ourslarge scale production 
facilities for Springs and 
=< Pressings are geared to the 


requirements of modern 


projects, 


S NOISNILXA - SONINdS NOISSIYdWOD - SONIYdS NOISHOL- SONISSAYd WWII - SHHOI JuIM 


JUIM * SONIYdS NOISNILXI - SONINdS NOISSINdWOD - SONIMdS 


Write us today. 


HEWELL 
SPRINGS 


| 


IddS NOISSSYdWOD - SONIYdS NOISYOL- SONISSIYd TWLIW - SWUOI IYI - SONINdS NOISNILX4 - SONINdS NOISSIYdWOD - somags Spat 


Saud 1V13W 
NOISNILX2 


LIMITED 


INJECTION, COMPRESSION 


and 


TRANSFER MOULDING 
TOOLMAKING 
PACKAGING 
FABRICATION 


Consult us now 


Phone: Tottenham 8765 


MODERN PLASTICS 
Offer a complete service in: 
2a SOUTH SIDE, THE GREEN, TOTTENHAM, N.I5 


REC 36 for further information 


702 


DURATUBE & WIRE LIMITED 


CENTRAL WAY (Faggs Rd.) FELTHAM, MIDDX. 


PHONE: FELTHAM 3453 GRAMS: DURATUBE, FELTHAM 
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for 


THERMOPLASTIC 
INSULATED WIRES & CABLES 


e MULTICORE CABLES 

e RADIO FREQUENCY CABLES 
e CO-AXIAL CABLES 

¢ CONNECTING WIRES 

e SCREENED LEADS 

e MULTICOLOURED WIRES 

e AIRCRAFT CABLES 

e P.T.F.E. INSULATED WIRES 


Contractors to 
MINISTRY OF SUPPLY * AIR MINISTRY ° 
AUTHORITY ADMIRALTY 


ATOMIC ENERGY 
POST OFFICE, ETC., ETC. 


REC 37 for further information 


A.1.D. APPROVED 


SEPTEMBER 1961 


REC 38 for further information 


\ 


mel 
— 


(OA 


BUTTON 
SWITCH RETAINER FOR 


SEMI CONDUCTOR 
CF/I3 DEVICES 


RENDAR 


introducing very small components 


c eg 3 i be» ; 
= CF/I 
CF/6 


CRYSTAL HOLDER 
TYPE CH/K 
oe CABLE CONNECTOR 
CF/3 
RENDAR INSTRUMENTS LIMITED BURGESS HILL SUSSEX ENGLAND 


TELEPHONE: BURGESS HILL 2642/3. TELEGRAMS - CABLES - RENDAR BURGESS HILL. 
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INTERIOR LAMP 
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Model BI 


KEEP MINIATURE COMPONENTS 
AND STOCK TIDY WITH 
SMALLBONE STORAGE CABINETS 


FOR METERS & SEALED INDICATOR BOXES 


COLOURS LAMPS 


RED MIDGET FLANGE 
GREEN 1.25 Volts 
AMBER 6 Volts 

BLUE 12 Volts 


There are fifteen 
combinations 

of Smallbone Units 

to ensure that there 

is a cabinet to 

suit your needs exactly. 
Neat and practical 
these steel, well made 
cabinets are the 
money-saving answer 
to miniature component 
storage. 


Smallbone Storage Cabinets 
are used by many leading 
industrial concerns including : 
M.O.S. 

G.E.C. 

TREAT 

UNITED KINGDOM 

ATOMIC ENERGY AUTHORITY 
ROLLS ROYCE LTD. 

ROYAL NAVY 

ENGLISH ELECTRIC LTD. 
POST OFFICE 


WHITE 28 Volts 


ACSE 


24 SEYMOUR PLACE, 


Telephone 
PADington 9302 


Drawer sizes 6in. long x 3 in. wide x IZ in. deep 
or— 6in. long x 3 in. wide x 23 in. deep 


All Models (A) & (B)—Trade Price £10 0 0 
All Models (C) —Trade Price £3 3 4 
(Delivery Ex-Stock) 


Write for illustrated catalogue from: 
SOLE MANUFACTURERS AND PATENTEES 


SMALLBONE & SON SERVICE STATION LTD. 
Tel. SELly Oak 0080 


LONDON W.1I. 


116 RADDLEBARN RD., SELLY OAK, BIRMINGHAM 29 


A Course in Industrial Instrument Technology 
by 


J. T. MILLER, 


B.Sc., F.Inst.P. 


This Course, which appeared originally as a serial in the technical journ . ice, i i i 
4: ee Q a al, Inst EP 
ee icici rom Lrnh coomen j rument Practice, is the first of its kind 


So great has been the demand for reprints of Mr. Miller’s Course in Industrial Instrument Technology that the supply 


was soon exhausted, and a more convenient new edition, produced by the ph i i 
ee ee aD y photolitho process, and bound in stout paper 


Contents 
I Basic Elements or Mechanisms. X_ Electrical Methods. 
If Diaphragms. XI Electrical Methods (continued): Resistance Ther- 
III U-Tube Manometers. mometers. 
IV Flow Metering Elements for Fluids in Pipes. XII Radiation Temperature Measuring Instruments. 
V Flow Metering Elements for Fluids in Pipes XII Humidity Measurement. 
(continued) XIV Industrial Electronic Instruments for the Measure- 
VI Measuring Instruments for Differential Flow ment (and control) of Temperature, Pressure 
Elements. Flow, etc. 
VII_ Flow Measurement: Integration from Differential XV_ Electronic Instruments (continued). 
Pressure Instruments. XVI Automatic Control 
VIII Area Meters: Rotameters and Flowrators. XVII Automatic Control (continued). 
IX Ancmometers, Electrical Flow Meters and XVIII Automatic Control (concluded). 


Quantity Meters 
Price 20/- (post free) 


UNITED TRADE PRESS LTD., 9 GOUGH SQUARE, LONDON, E.C.4. 
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FABRICATION 
ENAMELLING 
ASSEMBLIES 


Adams Bros & Burnley Ltd 
ELMGROVE RD. HARROW, MIDDX. HAR....6411 
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SPRING 
COMPANY LTD. 


Our experience through many years of 
AZ spring manufacture, backed by the know- 

Ae ledge and skill of the technicians and 
7A craftsmen of our staff enable us to provide 
aA a highly competitive service in the man- 
ufacture of precision made springs for 
all manner of uses -and in any quantities. 


A.1.D. D.A. 1. & A.R.B. APPROVED 


] Weare able to carry out any experi- 
mental work you may require, consult us 
about your needs and be assured of a 

Ys courteous, efficient and speedy service. 


Our Technical Department is at your service 
and our book . . HELICAL COIL SPRING 
DESIGN will be sent free on request. 


The PREMIER SPRING Co Lid., REDDITCH, Wores. 


TELEPHONE: REDDITCH 2766 


METWAY 


TERMINAL BLOCKS 


ut 
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PLASTIC CABLE BANDS 
Sizes: 2%", 5%", 64", 7h”. 


WITH SHROUD 


1-12 WAY 5-100 AMP 
P.V.C., NYLON , RUBBER, 


INSULATED PORCELAIN, BAKELITE. 


LINE TAPS 


PACKING GLANDS 
Brass, Nylon, Diecast. 


For full details ask for Cat. No. NBG/OHS/REC 
METWAY - KEMP TOWN : BRIGHTON 7 
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Safety 
Transformers for Portable 
Electrical Apparatus 


FROM 250VA TO 3KVA 


SPECIAL DESIGNS 
TO YOUR OWN 
REQUIREMENTS 


Manufacturers of 
transformers from 
5VA to |OOKVA 
single phase and 3 
phase. High vacuum 
varnish impregnated, 
air and oil cooled. 
Manufactured to B.S.S. 
or to customers 
specific requirements. 


We invite your enquiries. 


GOODYEAR TRANSFORMERS 
VINCENT PARADE WORKS R 


LTD 


¢c 
° 
° 
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A 


TRANSFORMERS 
BIRMINGHAM 12 Phone: CALthorpe 1086 
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Accurate 
components at 
competitive 
prices 


produced 


tooling and 


The comprehensive range of Arcol fixed and semi-adjustable 


multiform resistors, from 6-220 watts in size, is available in many styles and 
with a variety of mountings. Our catalogue giving full details of 
methods. these units is an invaluable aid to designers and engineers who 


require top grade components and speecy delivery. 
Details of our special prototype and breakdown service 
are now available. 


For Arcol quality and service ring NORth 1168 or write to 


See ee Sa 
JON SMUT EH nrp. ASHBURTON RESISTANCE CO. LTD. 


209 SPON LANE WEST BROMWICH STAFFS. 72 Brewery Road, London, N.7 
TELEPHONE WES 2516 


“MITRE MILLS RICHARD STREET BIRMINGHAM? 
TELEPHONE ASTeom Cross 2218 (4 lines) 


ANOTHER 
H.B. PRODUCT! 


TAPPING SWITCH with SILVER CONTACTS 
MAKE BEFORE BREAK TYPE 


10 
AMPS 


A.C. 
BE, 


qa ae 


Actual Size 


e BASE 2” SQUARE e UP TO 20 WAYS S.P. 
13” DEEP UNDER HANDLE e 18 WAYS MP. 


Enquiries receive prompt attention 
TYPE S.S. 


HENLEY BURROWES & CO. LTD. 


Automatics to 1” Dia 


FACTORY CENTRE, KINGS NORTON Capstans 10 B.A. to 1” Dia INSTRUMENTS 


Fine Limit Repetition Work 
BIRMINGHAM, 30 Instrument Details & ROSEMONT. ROAD, 
Telephone: KINgs Norton 1604 ALD AEPROVED Telephone: HAMrsteAp 6655 
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CLA A's SIFIE D PRECISION STRUMENT GEARS 


of all types from stock! 
(Now including Spiral Bevels) 
Write for fully comprehensive Catalogue 


THE DAVALL GEAR COMPANY LTD 


' As advertisements must be PREPAID. $ Situations Wanted, 4d. per word. Minimum 6s. All other advertisements, POTTERS BAR, MIDDLESEX 
| 64. per word, minimurn A 10s. Semi-display advertisements, 4s. per line. Minimum £2. Display advertisements at | Telephone: Potters Bar 2382 
) tariff rates. Box Numbers count as four words. Replies forwarded Is. extra. Replies to Box Numbers must be i 
| addressed to Radio & Electronic Components, 9 G ough Square, Fleet Street, London, E.C.4. 
i The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think proper eens SPIN N INGS 
| to do sc. A pons ble care it taken to ensure accuracy in setting up the advertisements, but should an error 
be made the roprietors will not hold thernselves responsible in an £ 
| t hold themselves responsible in any way for same. IN ALL METALS 
| SITUATIONS VACANT PATENTS Hydraulic and Flow Spinning Specialising for the 
Nias 2 ‘o 4 751041 for “Improvements in or Electronic and Instrument Industries. | 


s of and apparatus for Radiati ng 


Owners desire to n Hydraulic Presswork 
n of this Patent Argonarc & Spot Welding 
ers and ot 
Telephone: Canonbury 2128 
E.J. PURDIE& SONS LTD. 
49-53 CORSICA STREET, HIGHBURY, N.5. 
$ in winding small coils 
y available, 25 s.w.g 52 


E Welsh Trust (Rhigos) 
Telephone: Hirwaun 421. DEVELOPMENT OF NEW PROJECTS 


Designing, Drawing, Detailing Prototypes. Small 
quantity manufacture. Special purpose machines.|In- 
strument work aspeciality. Inventions worked out 


SENIOR AND JUNIOR SALES ENGINEERS A. RUNDLE (Upper Norwood) LTD 


ee . s : : Micro Works, Stoney Lane, Church Road, 
with knowledge of the Radio Components Upper Norwood, London, S.E.19 


enior and Junior Sales positions in an ever-expanding field. Some | Jaophoue: \Weegaooe” sabe 
} P 2 “ 
perience and technical qualifications are preferred. I 
e Tent as cars will be provided but applicants 


ountry. It is the Company’s policy STAINLESS STEEL 
ch are fully commensurate with the EQUIPMENT & PROTOTYPES 


Manufactured to Customers’ Own Requirements 


i i 


7m 


ly in confidence quotir ng 2 SR)? 7 to: 
The Regional Personnel Manager, | BOSS 


The Plessey Cornpany Limited, WELDING & ENGINEERING Co., Ltd. 
Wood Burcote Way, 190 PENTONVILLE ROAD, LONDON NW. | 
Towcester, Northants. Telephone: Terminus 3598 


Extension to our precious metal sec- 

tion enables us to offer fast deliveries 

of vat or barrel specification plating 

of quality at an economical price. Ten 
vans collect and deliver in the London 

and Greater London Area. 

D.G.L. and A.R.B. Approved. 


ATLAS 


PLATING 
WORKS LTD 


79, Avenue Road, Acton, 
London, W.3. 
Tel. Acorn 1102-34. 


GOLD 
RHODIUM 
SILVER 
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%& Ease of application—plate peels off protective 
Boiciee and is app lied immediately. 
%& Thin and flexibl2 will adhere to any surfece— 
no holes to drill ard therefore no damage to 
delicate instruments. 
Can be applied by unskilled labour. 
Durability. 


+ 


m is a trade mark denoting a producto 


, 
’ 
Minnesota Mining & Manufacturing Co. Ltd 
Zz 


Scotchcal Brand F 
z 


Please write or phone for samples 


LEOPOLD ROAD, CRAWLEY, SUSSEX TEL. eee 430 
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A ‘Telephones= 
FORWARD worKs¢ > cil 
BATH ROW Special 


Birmingham 


Published by the Proprietors 


We've got the 
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Our Hard Gold Plating process has 


been developed to provide contact 
surfaces of greater hardness and thick- 
ness than can be produced by normal 


methods. The deposit is 98°% pure gold and, 

containing no base metal, is untarnishable. 

Because it is of exceptional hardness, bright and non- -scratching, 
the thickness can be less than is usually necessary, with 


consequent economy. 
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Telephone 


B. J. ROUND & SONS LTD 


7, 8, 9, 10, Northampton Street, Birmingham, 
: CENecral 2677 


The Epalex Hard Gold Plating process 
makes it possible to plate gold onto 
almost any metal toa precise thickness. It 
is a big advancein the production of non- 
tarnishing and durable contact surfaces. 


For more information make contact with 


18, 
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